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TUoetber Sabstltuied Imidazoqainolines 

Field of the Invention 

This invention relates to imidazoquinoline compounds that have thioeiher 
5 functionality at the l-*position, and to pharmaceutical compositions containing such 

compounds. A fiirdier aspect of this invention relates to &e use of fiiese compounds as 
immunomodulatorSy for inducing cytokine biosynthesis in animals, and in the treatment of 
diseases^ hicluding viral and neoplastic diseases. 

Background of the Invention 

The first reliable report on the l^-]nudazo[4,5-c]quinoline ring system, Bacfanan 
et aL, J. Org.Chem . 15, 1278-1284 (1950) describes Oe synthesis of l-<6-melhoxy*8- 
quinoliiv1)-2-mediyl-l£r-inudazo[4,5-c]qumol^ for possible use as an andmalarial 
ag^ Subsequently, sjfnfheses of various substhnted lir-imidazo[4,S-c] quinolmes were 
reperted. For example, Jain et aL, IMed-ChenL U, pp. 87-92 (1968), synfhesizBd flie 
compound 142-(4ipipeijdyl)etl^l]-lfr-imidazo[4,5-c]qnhu>^ as a possible 
anticonvulsant and cardiovascular agent Also> Baranov et aL. Chem. Abs, 85. 94362 
(1976), have lepocted several 2-<xxohnidazo[4,S-c]qumolxQe8, and Becenyi et aL, L 
Heterocyclic Chem. 18, 1537-1540 (1981), have rqMxrted certain 2-oxoimidazo[4,5- 
cjquioolines. 

Certain lH-imidazo[4,S-c]qujnol]n-4-an]ines and 1- and 2-substitulBd derivatives 
thereof were later found to be useM as antiviral agents, bronchodiktors^ 
immunomodulatois. These are described in, inter aUot U.S. Patent Nos. 4,689^38; 
4,698,348; 4,929,624; 5,037,986; 5,268376; 5^46,905; and 5389,640, all of which are 
incotpoRdBd hoein by reference. 

There oontinuM to bo intsrest in the jinidazoquiDoIine xing systeoi. 

Certain lH-iniidazo[4,S-c] naphlliyridme-4-ammes, IH-imidazo [4,S-c] pyridui-4- 
30 amines, and lH7iinidazo[4,S-c] quinoliii-4-ainines having an etiher containing sabstitoent 
at Oe 1 position are known. These are descnbed in U.S. Patent Nos. 5^68,376; 
5389,640; 5,494,916; and WO 99/29693. 
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Despite these attempts to identify compounds fiiat axe useful as nmnune response 
modifiers, there is a contmuing need for compounds fliat have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 

Snmmarv of the Invention 

We have found a new class of compounds that are useful in inducing cytokine 
biosynfliesis in animals. Accordingly, Ms invention provides imidazoquinoline-4-amine 
and tetrahydiDimida2oquinoline-4-amine compounds that have a thioether containing 
substituent at the 1-positioa The compounds are defined by Fomiulas (I) and CD), which 
are defined in more detail infra. Itese compounds share the general stractural formula: 




wherein X,Z,Ri,R2,andRareas defined herein for eiich class of compounds having 
IS fomiulas (I) and (II). 

The compounds of fomiulas (I) and (II) are useful as immune response modifiers 
due to thmr abiKty to induce cytokine biosynthesis and otherwise ma 
response when administered to animals. This makes the compounds useful in the 
fxeatmentof a variety of conditions such as viral diseases and tumors that are responsive to 
20 such changes in the immune response. 

The invention fhrOer provides phannaceutical compositions containing the 
immune leqxmse modifying con?)ounds, and methods of inducing cytokine biosynthesis 
in an animal, treating a vnal infection in an ammal, and/or treating a neoplastic disease in 
an airimal by adnmnstering a compound of Formula (I) or (FT) tn the nnitt^ftl 

2^ ^ addition, the nxvention provides methods of symhesizing tiie compounds of the 

invention. 
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DetaHed Descrip ti on of the Invention 

As mentioned earlier, we have found certain compounds fliat induce cytokine 
biosynthesis and modify the immune response in animals. Such compounds are 
5 represented by Formulas (I) and (II) as shown below. 

Imida2»quinoline compounds of the invention, which have thioether functionality 
at the l-position are represented by Formula (I): 




10 

wherein: X is -CJDU-, -CHRraftyl-, or-CHI^-^altexyl-; 
Zis -S-, -SO-, Qr-SQ2S 
IS Ri is selected fiom the gcoQp ccMQsistintg o£ 

-alkyl; 
-aiyl; 

-heteroai^; 

-heterocyclyi; 
20 -alkenyl; 

•Rp-atyl; 

-R4r-heteroaiyl; 

-R4rheterocycIyl; 
Ka is selected from the group consisting o£ 
25 -hydrogen; 

-alkyl; 

-alkenyl; 
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-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
5 -alkyl-Y-alkenyl; 

-aBcyl-Y-aiyl; and 

-alkyl or alkenyl substituted by one or mote substitueols selected 
fiom fhe group consisting o£ 
-OH; 

10 -halogen; 

-N(R3)2; 
^O.N(R3)2; 
-CO-Ci.ioaDcyi; 
-CO-O-CMoalkyI; 

15 ■ ' ■^; ■ 

-aiyl; 

-heteroaiyl; 

-heterocyclyl; 

-CO-aiyl; and 
20 -CO-heteioazyl; 

each Ba is independently H or Cmo aBcyl; 
each R4 is independenfly aOiyl or alkenyl; 
each Yis iiidepende]]fly-C)-ar-S(0)o4S 
]ii80to4;and 

25 each R present is independentfysdected fiom file group consisting of Ci-io 

alkyl, Clio alkoxy, IqndiDxy, halogen and trifloorametfayl; 
or a phannaceutically acceptable salt Ihereofl 
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The ixivention also includes tetrahydzDimidazoquinoline compoimds Ibat bear a 
Huoeflier containmg substituest at Ibe 1-position. Such tetrahydxoiimdazoquinoline 
coxnpoimds aie lepresented by Fonnula (II): 



N 

X-Z-Ri 



(n) 

wherein: X is -CHR3-, -CHRa-alkyl-, or -CHRa-alkenyl-; 
Zis-S-,"SO-,or-S02S 
Ri is selected fiom the group consistingof: 
10 -attyl; 

-aiyl; 

-heteroaryl; 

-heterocyclyl; 

-alkenyl; 

IS -R4-aiyl; 

-R4- heteroaiyl; and 
^ -RHiieterocyclyU 
R2 is selected fiom the group consisting oC 
-hydrogonj 
20 -alkyU 

-aDoBiiyl; 
-axyl; 

-heteroaiyl; 
-heterocyclyl; 

25 -alkyl-Y-alkyl; 

-all^l-Y-alkenyl; 
•^n^l-Y-axyl; and 
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* aBsyl or alkeayl substituted by one or mote substitueuts selected 
from the group consisting of: 

-OH; 

-halogex^ 

5 -N(R3)2; 

-CO-N(R3)2; 
-CO-CMoalkyl; 
-CO-O-CMoalkyl; 
-N3; 

10 -aiyl; 

-heteioaryl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-hetetoaiyl; 

15 ' each R3 is independently H or Ci-ioalkyl; 

each R4 is independently alkyl or alkenyl; 
each Y is independently -O- or -S(0)o.2-; 
ni80tD4;and 

each Rpresent is indq)endently selected fiom the group consisting of Cmq 
20 aOyl, Cmo alkoxy. hydroxy, halogen and Irifluorometi^l; 

or a phannaceutically acceptable salt flteieof 

Preparation of fee Conmoimds 

Qnnpomids of the in vention can be piqMied accoEd^ 
25 ivfaeieR,RuR2.X and n are as defined above. 

In step (1) of Reaction Scheme I a 4-ddon>-3-nitioqiiinoline of Fonnula X is 
reacted wifli an amine of fomiala HO-X-NE^ to provide a 3-mtroqp]]nolin-4-flxnine of 
FommlaXL Theieactioncanbecamedoatbyaddingtfieaminetoasohitionof a 
compound of Fomiula X in a smtable solvent mch an ehlorofeim or dieWfi mrni^fl tiifi ^ in 

30 the presence oftrielhylanune and optionally heatmg. Many qumoUnesofFonnulaX are 
known compounds (see for example, U.S. Patrat 4,689,338 and references cited Iherem). 
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10 



15 



Maiy ainiiK» of fomutaHO-X-l^ are «)^^ 
prepaied vmg known syndietic zoutes. 

In stq> (2) of Reajtion Scheme I a 3-nitoquinolm4-anm 
cMoiinatBdtopiowdea3-mtiO(iumolm-4-aniineofFonauk Conventional 
chlorinating agents canbe used. PiBfeirf)lylhe reaction is carried out by combining a 
compound of Fonnula XI with fliionyl chloride in a suitable solvent such as 
dichloiomethaneandheatbg. Alternatively the reaction nuy be run neat 

lo step (3) of Reaction Scheme I a 3-nitro(iuinoli&4-anune of Formula XH is 
reduced to provide a quinoline-3.4.diamine of Formula Xm. Prefbrably, the reduction is 
carried oat usmg a conventional heterogeneous hydrogenation catalyst su(A as ph^ 

carbon. The reaction can conveniently be carried oat on a Ptar apparatus in a suitable 
solvent such as toluene. 

In step (4) of Reaction Scheme I a quhiolme-3,4-diamine of Fom 
reacted wifli a cailoxyBc add or an equivalent thereof to provide a LH'-imida2o[4^- 
c]quinoline of Fonnula XIV. Suitable equivaknteto'acariwiylio add include ortboestets, 
andl.l-dialkoxyalkylalkanoatBS. The caibojsylic add or equivalent is selededsudi that 
it will provide the desired Ra substitueot in a compoand of Formula XIV. For exanqile. 
triethyl onhofonnate will provide a compound where Ra is Ig^gen and trimefliyl 
orthovalerate will provide a compound where Ra is bulyL Ihe reaction can be run in the 
absence of solvent or in an inert solvent such as tohiene. The reaction is run with 
sufficient heating to drive offany alcohol or water formed as a byproduct of the reaction. 
Optionally a catalyst such as pyridine hydrochloride can be included. 

Alternatively, step (4) can be carried out by (0 reacting the diamine of Formuk 
Xniwifli an acylhaHde of Formula RaC(OXn orRaC(0)Brandlhen(ii)cycli2ing. bpazt 
25 (OtteacyihaHde is added to a solution of file diamine in a suitable solvent such as 

pyridine. The reaction can be carried out at ambient temperature. In part (u)&e product 
of part ® is heated m pyridine in the preseisce of pyridine hydrochloride. 

hi step (9 of Reaction Scheme I a l^-hnidazo[44^]qumoline of Formula XIV is 
oxidized to provide a Lff-imidazo[4,5-c]qainoline-5N-oade of Formula XV usmg a 
conventional aridizmg agent capable of forming N-oxidea. Prefiaably a solution of a 
compound of Formula XIV m a suitable solvent such as cUotofbrm or dichloromethane is 
treated wifli SHshloroperraybenzoic acid at ambiaitlBBq)erature. 



20 



30 
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In step (6) of Reaction Scheme I a lf^inuda2o[4,5-c]quinoline-5N-oxi((ie of 
Foimula XV is aminated to provide a lif-imida2»[4,5-c]quinolin-4-amine of Fonnula 
XVI. Step (6) involves (i) reacting a compound of Fonnula XV with an acylating agent 
and then (iO reacting the product with an aminating agent Part (i) of step (6) involves 
5 reacting an N-oxideofFormula XV with an acylating agent Suitable acylating agents 
include alkyl- or arylsulfbnyl chlorides (e.g., benezenesulfonyl chloride, methanesulfonyl 
chloride, p-toluenesulfoiyl chloride). Arylsulfonyi chlorides are preferred Para- 
toluenesulfonyl chloride is most preferred. Part (ii) of step (6) involves reacting the 
product of part (i) with an excess of an aminating agent Suitable aminating agents 

10 include anmionia(e.g., in the form ofanmioniimi hydroxide) and ainmonium 

ammonium carbonate, ammonium bicarbonate, armnonium phosphate). Ammonium 
hydroxide is preferred. The reaction is prefisiabfy carried out by dissolving the N-oxide of 
Formnla XV in an inert solvent such as dichloromethane or chloroform, adding the 
a min a ting agent to the solution, and then slowly adding tiiei acylating agent 

15 In step (7) of Reaction Scheme I a Lff-hnidazo[4,5-c]quinolm-4-amine of Formula 

XVI is reacted with a campcmA of Formula Ri-SNa to provide a LH-imidazo[4,5- 
c]quinolin-4-aniine of Fonnula XVn which is a subgenus of Formula I. The reaction can 
be carried out by combining a compound of Formula XVI with a conq)ound of formula 
RiSNa in a suitable solvent such as N^-Klnnetiiylfbrmamide or dimethyl sulfoxide and 

20 heating (60-80<t:). The product or a pharmaceutically acceptable salt fliereof can be 
isolated usmg conventional methods. 

Jsi step (8) of Reaction Scheme I a lfr-inridazo[4^-c]quinol]n-4-amine of Fonnula 
XVn is oxidized using a conventional oxidizmg agent to provide a lfl^imidazo[4,5- 
c]quinoIin-4-anunB of Formula XVm which is a subgenus of Fonnula L Preferably a 

25 solution of a compound of Formula XVII in a suitable solvent such as chloiofbnn or 

dicUoromeaane is treated witii3-€Mor(9eroxyben2x>ic add at a^ Ihe 
d^iee of ooddation is controlled by aiSustmg ttie amount of S-chloroperoxybenzoic acid 
used m the reaction; ie., using aiyproxhuately one equivalent will provide the sulfoxide 
whereas usmg two equivalents win provide tiie sulfime. tlie produ^ 

30 accq)table salt hereof can be isolated usmg conventional mefliods. 
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Reaction Scheme I 



9. 





(3) 













'^IjlH 










XIII 


a 
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Qmipoimds of fhe invesdon can be 
"wliereR, Ri, Ra. Xandn are as defined above. 

In step (1) of Reaction Scheme n a 3«nhn)qu2m>Im'4Hunine of Fonnnla XH is 
leacted witii a oompoimd of file Fonmik R]-^a usii^ ti^ 
Scheme I to provide a 3 -iu1n>quinolin<4-amine of Fonsnla XIX. 

In step (2) of Reacticii Scheme n a 3«mtroquinolin-4-aniine of Fonniila XDC is 
leduced using Ibt metiiod of step (3) of Reaction Scheme I to provide a qiiinoline-3 »4- 
diamine of Fomuda XX. 
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In step (3) of Reaction Scheme n a qainoHne-3»4-diam2ne of Fonnula XX is 
cyclized using the method of step (4) of Reaction Scheme I to provide a lfr-iniidazo[4,5- 
c]giiinoline of Foimula XXI. 

In step (4) of Reaction Scheme n a lfr-iniidazo[4,S-c]qttinoIm6 of Fomiula XXI is 
5 oxidized to provide a liir-iniidazo[4,5-c]quinoIin-SN*oxide of Formula XXn using a 

conventional oxidizing agent Preferably a solution of a compound of Formula XXI in a 
suitable solvent such as chloroform or dicUoromeflume is tzeated with at leas^ 
equivalents of 3*chloropen»ybenzoic acid at ambient tBnq>eratuie. 

In step (5) of Reaction Scheme n a lif-imidazo[4,S-c]quino]iQ*SN-oxide of 
10 Formula XXII is aminated using the mefliod of step (6) of Reaction Scheme I to provide a 
lJ?-imidazo[4,5-<:]qu]nolin-4-amine of Formula XVm which is a subgenus of Formula L 
The product or a phannaceulically acceptable salt thereof can be isolated using 
conventional methods. 

is Reaction Scheme If 
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Compounds of the invention can be prepared accozding to Reaction Scheme m 
where R, Ri , R2, X and n are as defined above. 

In step (1) of Reaction Scheme HI a 3-mtro-4-aniino-quinolin-l-yl alcohol of 
Fomxula XI is protected with a /ert-butyldimetlQrlsilyl group usmg conventional methods. 
5 Preferably a compound of Formula XL is combined with ^erf-butyldimethylsilyl chloride in 
a suitable solvent such as chloroform in the presence of trielhylamine and a catalytic 
amount of 4-dimethylaniinopyridine. 

In step (2) of Reaction Scheme m a protected 3-mtio4-8mino-qaino]in-l-yl 
alcohol of Formula XXm is reduced using flie meOod of step (3) of Reaction Scheme I to 
10 provide a protected 3, 4H]ianuno-quinol2n-l-^^ 

In step (3) of Reaction Scheme III a protected 3,4-diamittO-qiunoIni-I-yl alcohol of 
Fomiula XXIV is cyclized usmg the method of step (4) of Reaction Scheme I to provide a 
l^-imidazo[4,S-c]quinoline of Formula XXY. 

In step (4) of Reaction Scheme m a lff*xmidazo[4,5-c]qumoline of Formula XXV 

• ■' ; , ■ ■ . .1' 

IS is oxidized using the mebodofstq) (5) of Reaction Scheme I to pro^ 
iniida2»[4,SK;]qiiinolin-5N-^xide of Formuk 

In step (5) of Reaction Scheme m a lH-ixnida2X)[4,S-<]quinoliii-SN-<»^ of 
Formula XXVI is anunated usmg the method of step (6) of Reaction Scheme I to provide a 
lfr-hnidazo[4^-^]qiiinolm-4Hmiine of Formula XXVH 
20 la step (6) of Reaction Scheme III flte protecting group is removed fiom a Iff- 

hnidazo[4,S<]quinoli&4-amiiie of Formula XXVQ to provide a lif-imida2X>[4,S- 
c]quinolin-4-amine of Formula XXVni. Preferably a solution of a compound of Formula 
XXVn in a suitable solvent such as tetrahydrofuran is treated with tetrabutylammonimn 
fluoride. Some conqwunds of Formula XXVm are known, see for example, Qerster, U.S. 
25 Patent No. 4,689,338 and Gersteretal.,U.S. Patent 5,605,899. 

In step (7) of Reaction Scheme HI a lff-nnida2o[4,5-c]quinolin-4-amine of 
Fomnila XXVni is chlorinated using conventional methods to provide a lfl'-imidazo[4,5- 
c]quinolin-4-amine of Formula XVL A compound of Formula XXVm can be heated neat 
with Ihionyl chloride. Alternatively, phosphorous oxychloride can be added in a 
30 controlled fedrion to a sohxtion of a compound of Formula XXVIII m a suitable solvent 
such as N,N-dimetfaylfi>rmaniide in the presence of tiiefiiylamine. 
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Steps (8) and (9) of Reaction Scheme m can be earned out in flie same manner as 
steps (7) and (8) respectively of Reaction Scheme L 

Reaction Scheme III 
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Compounds of fhe invention can be piqpazed accozding to Reaction Scheme IV 
where R, Ri, Ra, X and n aie as defined above andBOC is fert-butoxycaiboiqfl. 

In step (1) of Reaction Scheme IV Ihe hydroxy group of a 6,7,8,9-tetiahydro-lH- 
nnidazo[4,S-c]quinolin-l-yl alcohol of Fomiula XXDC is protected with a teri- 
5 butyldimethylsilyl group usmg Ihe method of step (1) of Reaction Scheme m. 

Con^3omlds of Formula XXIX are knomi or can be prepared usmg known synthetic 
methods, see for example, Nikolaides, et al., U.S. Patent No.S3S2,784 and Lindstrom, 
U.S. Patmt No. 5,693,81 1 and references cited therem. 

In step (2) of Reaction Scheme IV fte amino ffoup of a lff-imidazo[4,S- 
10 c]qainolin-4-amine of Formula XXX is protected using conventional methods to provide a ' 
protected l£r-imidazo[4,S-c]quinoIme of Formula XXXL Preferably a conqK>und of 
Fommla XXX is treated with di-/err-butyl dicaibonate m a suitable solvent such as 
tetrahydroforanm the presence of triefbylamine and 4-dimefliyb^^ Ihe 
reaction can be nm at an elevated temperature (6(rC). 
IS In step (3) of Reaction Scheme IV flie teif-butyldimetfaylsilyl protecting group of a 

conq)ound of Formuhi XXXI is removed usmg fte metiiod of step (6) of Reaction Scheie 
ni to provide a lfl'-iinidazo[4,5-c]quinolin-lyl alcohol of Formula XXXH 

In step (4) of Reaction Scheme IV a lff-imidazo[4,5-c]quinolin-lyl alcohol of 
Foraiula XXXII is converted to a meflumesulfonate of Formula XXXm. Preferably a 
20 solution of a compound of Formula XXXH in a suitabb solvent such as dichlorometiiane 
is treated with methanesulfonyl chloride m tiie presence of tnetiiylamine. Ihe reaction can 
be run at a reduced temperature (-10°Q. 

In step (5) of Reaction Scheme IV amethanesulfonate of Formula XXKHI is 
reacted with a ftiol of formula RiSH to provide a thioether of Formula XXXIV. 
25 Preferably a solution of a compound of Formula XXXm in a suitable solvent such as N, 
N-K]imetiiylformairdde is treated with the tiiiol in tiie presence of trie^ Ihe 
reaction can be run at an elevated temperature (80^. 

In step (6) of Reaction Scheme IV tiie terf-butoxycarbonyl protecting groups are 
removed by hydrolysis under acidic conditions to provide a lff-hnidazo[4,5-c]qumo]in-4- 
30 amine of Formula XXXV which is a subgenus of Fonnula IL Preferably a solution of a 
compound of Foimuh XXXIV m a smtebte soWent such as dicUorometime is trea^^ 
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ambient tempemture witli a solution of hydzocMoric acid in dioxane. The product or a 
phaimaceutically acceptable salt thereof can be isolated using conventional methods. 

In step (7) of Reaction Scheme IV a tfaioefher of Formula XXXV is oxidized using 
Oe method of step (8) of Reaction Scheme I to provide a sulfone or sulfoxide of Formula 
XXXVI which is a subgenos of Formula n. The product or a pharmaceutically acceptable 
salt thereof can be isolated usmg conventional me&ods. 



Reaction Scheme IV 




14 



wo 02/46192 



PCTAISOl/46697 



Compounds of tiie inveation can be prepared accordii^ to Reaction Scheme V 
where R, Rt , S2» X and n are as defined above. 

In step (1) of Reaction Scheme V a 6J,8,9*tetrafaydro-Uf-hnidazo[4»S-c]qnmolin- 
1-yl alcohol of Fonnola XXK is chlorinated using fie mettiod of step (7) of Reaction 
5 Scheme m to provide a compound of Formula XXXVn. 

In step (2) of Reaction Scheme V a compound of Formula XXXVH is reacted with 
a compound of formula R|-SNa ususg the method of step (7) of Reaction Scheme I to 
provide a thioetfaer of Formula XXXV which is a subgenus of Formula II. The product or 
a phaimacentically accq>table salt thereof can be isolated using conventional methods. 
10 In step (3) ofReaction Scheme V a fhioeSierofFomuik XXXV is oxidized us^ 

die method of step (8) of Reaction Scheme I to provide a sulf orse or sulfoxide of Formula 
XXXVI which is a subgenus of Formula n. The product or a pharmaceutical^ acceptable 
satt diereof can be isolated using conventiimal mefliods. 

15 Reaction Scheme V 




20 
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As used herein, the terms "alkyl", "alkenyr and the prefix **alk-" are inclusive of 
both straight chain and branched chain groups and of cyclic groups, ie. cycloall^l and 
5 cycloalkenyL Unless otherwise specified, these groups contain from 1 to 20 carbon atoms, 
with alkenyl groups containing fi:om 2 to 20 carbon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have from 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclqpiopyl, 
cyclopropyfanethyl, cyclopentyl, cyclohexyl and adamanlyl. 
10 In addition, flie alkyl and alkenyl portions of-X- groins can be unsubstituted or 

substituted by one or more substituents, ^ch substituents are selected firom the groiq)s 
consisting of alkyl, alkenyl, aiyl, heteroaryl, hetraocyclyl, axylalkyl, heteroarylallQrl, and 
heterocyclylalkyl. 

The term •*haloalkyl" is mclusive of groups that are substituted by one or more 
IS halogen atoms, including peifluorinated groups. This is also true of groups fliat include 
die prefix 'lalo-''. Examples of suitable haloalkyl groups are chloromethyl, 
trifluoromethyl, and the like. 

The term ^aryl" as used herem mcludes carbocyclic aromatic rings or ring systems. 
Examples of aryl groups include phenyl, napfatiqri, biphenyl, fiuorenyl and indenyl. The 
20 term '*heteroaiyr includes aromatic rings or ring systems diat contain at least one ring 
hetero atom (e.g., O, S, N). Suitable heteroaryl groiqps include fitryl, tfaiei^rl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isomdolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, 
pyiazolyU oxazofyl, dnazolyU beozoiuzanyl, benzothiophenyl, caxbazolyl, benzoxazolyl, 
pyrinudin]4, benztmidazolyl, qoiooxalin^, benzodiiazolyl, m^hAyridinyl, isoxazolyl, 
25 isolfaiazolyl, purii^ quinazolioyl, and so on. 

''Heteiocyclyr includes non-aromadc rings or ring systems Oat contain at least 
one Xing hetero atom (e.g.» O, S, N) and inchides all of the folly saturated and partially 
unsatmated derivatives oftiie above mentioned hetstoaiylgrou^^ Exemplary 
heterocyclic groins include pyzrolidinyl, tetrahydrofuranyl, morpholinyl, fliiomorpholixqrl, 
30 pqieridinyl, piperaadoyl, Oiazofidinyl, imidazolidinyl, isofliiazolidinyl« and the like. 

Tbo axyl, heteroaryl, and heterocyclyl groups can be unsubstitixted or substituted by 
one or more substituents independently selected fiom the gioiq> consisting of alkyl. 
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alkoxy, alkylthio, haloaBcyl, baloalkoxy, haloalkyltiiio, halogen, nitro, hydroxy, meicapto, 
. cyano, carboxy, foimyl, aryl, aiyloxy, arylthio, arylalkoxy, aiylalkylfliio, heteroaiyl, 
heteroaiyloxy, heteroaiyltbio, heteroaiylaIkoxy» heteroarylalkylthio, amino, aDQ^lammo, 
dialkylamino, heteiocyclyl, heterocycloaDcyl, alkylcaibonyl, alkenylcarbonyl, 

S alkoxycarbonyl» haloalkylcaibonyl, haloaDcoxycaxbonyl, aOcyldiiocarbonyl, aiylcaibonyl, 
heteroaiylcarbonyl, aiylo^^caxboi^l, heteroaiyloxycaxbanyl, aiyUhiocarboi^l, 
heteroaiyKbiocaibonyl, alkanoyloxy, aDcanoylfhio, alkanoylamino, aiylcaiboayloxy, 
aiylcaiboayltibio, all^laminosulfonyl, alkylsuIfooyU axylsulfonyl, heteioaiylsulfonyl, 
aiyldiaanyl, aO^lsulfonsylainmo, aiylsiilfbivlammo, aiylalkylsulfonylaminob 

10 alkylcaibonylamino, alkenylcaibonylaminOi ax^caiboiKylamino, axylalkylcaxbonylaauno, 
heteioazylcarboiQrlainino, heteioaiylalkycaibonylaxnmo, alkylsulfoDylaniino, 
alkBi^lsuIfoivIanuao, aiylsulfonylaiiuno, aiylalkylsulfiiivlaimno, 
hetoroaiylsulfonylanmio, heteroaiylaIkylsuIfonylasuno» alkylaniinocatboDylamino, 
alkeiiylaininocazbQDylaniino, aiylanunocazboiQrlamino, aiyla]kylai2imocad}oiQr]anmo, 

IS heteroaiylanihiocaxbonylaniino, heteioaiyiaD^caxbonylanunb, and, in Ihe case of 

heteiocyclyl, oxo. If any other groups are idoitified as bemg ''substitixted" or ''optionally 
substituted" then those groups can also be siibstituted by one or more of the above 
enumerated substituents. 

Certain substituents are genezalfy preferred. For example, preferred X groups 

20 include ethylene and n-butylene and prefecred Ri groups are alkyl and aryl, with phenyl or 
substituted phei^l a preferred aryl group. Preferably no R substituents are present (i.e., n 
is 0). Preferred groiq>s include hydrogen, alkyl groups having 1 to 4 carbon atoms (i.e., 
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, and cyclopropylmethyl), 
methoxyettsyl, and etfaoxymediyl. One or more of these preferred substituents, if present, 

25 can be present m the compounds of tte invention in any combination. 

The invention is inclusive of fiie conqtounds described herein in any of their 
phazmaceutically acceptable forms, including isomers (e.g., diastereomers and 
aumtiomers), salts, solvates, polymorphs, and Oe like. In pardculax, if a conqpound is 
30 optically active, the invention specifically inclu<tes each of the compound's enantiomers as 
weU as raceriuc mixtures of fliB enantiomeis. 
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Phannaceutical Compositions and Biological Activitv 

Phannaceutical compositions of flie invrntioa contain a thenQ)eutically effective 
amount of a compound of ttie invention as desciibed above in combination with a 
phannaceuticaDy acceptable earner. 

5 The term "a therapeutically effective amounf ' means an amount of the compound 

sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity, Aldiough the exact amount of active compound used in a 
phannaceutical composition of die invention will vary according to &ctoi8 known to those 
of skill in the art, such as die physical and chemical nature of die compound, the nature of 

0 the carrier, and the intended dosing regimen, it is anticipated diat the compositions of the 
invention will contain sufScient active ingredient to provide a dose of about 100 ng/kg to 
about SO mg/kg, preferably about 10 ^g/kg to about 5 mg/kg, of die compound to the 
subject Any of die conventional dosage forms may be used, such as tablets, lozenges, 
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 

5 patches, transmucosal patches and the like. 

The compounds of the invention can be administered as die single therapeutic 
agent in the treatment regimen, or the compounds of die invention may be administered m 
combination with one another or with other active agents, including additional immune 
response modifiers, antivirals, antibiotics, etc. 

0 The compounds of die invention have been shown to induce the production of 

certain cytokiiies in expernnents performed accordiiig to the tests set forth below. These 
results indicate that the compounds are useful as immune response modifiers that can 
modntote the tmmimereqKmse in a nuniber of different ways, renderi 
treatment of a variety of disorders. 

5 Cytoldnea whose piodaction may be induced by the adnuxdstcation of compounds 

according to the invention genondly mctade interfeonra QF^^ 
fiustor<t(lW^x)a8wena8certauiintBileukm8(nO- Cytoknies whose bio^ynSiesis may 
beinducedby cooaqponnds of the invention mchidelFN-a, TNF-a,IL-l, EL^, IL-10 and 
IL-I2, and a variety of odier cytokines. Among ddier effects, diese and other cytokmes 

0 can inhibit virus production and tumor cell growth, making the coaqpounds usefiil in die 
tieatmentofviral diseases and tumors. Accordmgly, die mvention provides a mediod of 
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inducbg cytokizie biosyndiesis in an animal compnsing administering an effective amomit 
of a compound or composition of &e invention to the animal. 

Certain compounds of tiie invention have been found to preferentially induce flie 
expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 

5 blood mononuclear cells) containing pDCSceUs^irecursor dendritic ceU-t^^ 
concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of fte tmiate immune response. For exanq)Ie, natural 
kilter cefl activity may be stimulated an effect ifaat may be due cy tolrinft in^ifition, The 

0 compounds may also activate macxoidsages, vriiich in turn stimulates secretion of nitric 
oxide and the production of additional cytokines. Furdiei^ the compounds may cause 
proliferation axid differentiation of B-lynqihocytBa. 

Ckxmpounds of the invention also have an effect on the acquired immune reqKmse. 
For example,, although there is not believed to be any duect, effect on T cells or direct 

5 inductionofTcenc^kmeSyflieprodttctionoftfaeThelperlype 1 (Thl)cytokmelFN-Y 
is mduced indirectly and the production of the T helper type 2 (Th2) cytokmes ILA, IL-5 
and ILrl3 are inhibited iqionadmimstration of the coEiqx^ This activity means that 
the compounds are useful in tibe treatment of diseases where iqsregulation of fte Tl&l 
response and/or downregulation of &e Th2 response is desired. In view of Oe ability of 

0 compounds of the invention to inhibit the Tb2 immune response, the compounds are 
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asthma, 
allergy, allergic rhinitis; systemic lupus ery&ematosis; as a vaccine adjuvant for cell 
mediated immnni^ and possibly as a treatment for recurrent fungal diseases and 
chlamydia. 

5 The inminn e response modifying effects of &e compounds make them useful in 

thetreatmentof a wide variety of conditions. Because of their ability to induce the 
production of cytokines such as Il^-a and/or TNF-a, the compounds are particularly 
useful in the treatment of viral diseases and tumors. This tmmunomodulating activity 
suggests tiiat compounds of the invention are osefiil in treating diseases such as, but not 

0 lunited to, viral diseases including genital warts; conmion warts; plan^ 

B; Hepatitis C; Herpes Simplex Virus Type I and T^e II; molluscum contagiosum; 
variola, particularly variola major; HIV; CMV; VZV; rhinovirus; adenovirus; influenza; 
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and paia-influenza; intraepithelial neoplasias such as cervical intraepitibelial neoplasia; 
human papillomavirus (HPV) and associated neoplasias; fimgal diseases, e.g. Candida, 
aspergillus, and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, 
hairy cell leukemia, Ka^wsi's sarcoma, renal cell carcinoma, squamous cell carcinoma, 
5 myelogenous leukemia, multiple myeloma, melanoma, non-Hodgkm*s lymphoma, 
cutaneous T-cell lymphoma, and otiier cancers; parasitic diseases, e.g. Pneumocystis 
camii, cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated using ttie compounds of the invention 

10 include actinic keratosis; eczema; eosin(^hilia; essential thrombocythaemia; leprosy; 
multiple sclerosis; Ommen's syndrome; discoid lupus; Bowen*s disease; Bowenoid 
papulosis; alopecia areata; flie inhibition of Keloid formation after surgery and oflier ^es 
of post*surgical scars. In addition, these compounds could enhance or stimulate the 
healing of wounds, including chronic wounds. The compounds may be usefiil for treating 

IS flie opportunistic infections and tumors that occur affier suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HTV patients. 

An amount of a compound effective to induce cytokine biosynthesis is an amount 
sufBdent to cause one or more cell types, such as mcmocytes, macix>phages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-oc, 

20 TNFkx, IL-1, IL^, IL-IO and IL-12 Hbat is increased over the background level of such 
cytokines. The precise amount wiU vary according to factors known in the ^ 
Gxpectod to be a dose of about 100 ng/kg to about SO mg/kg preferably about 10 ^g/kg to 
aboutSmg/l^. The invention also provides a method oftreating a vital infectim 
animd aid a mettu)doftteating a neoplastic disease in an aninud comprising 

2S administering an effective amount of a compound or composition of fiie invention to fixe 
animal. An amount effective to treat or inhibit a viral infectinn lg m q ^m mt fh^t will 
cause a reduction in one or moTB of flie manifestations of viral infection, such as viial 
lesions, vkal load, rate of virus pioductira, and mortality as compared to untreated control 
animals. The precise amount will vary according to fectors known in the art but is 

30 expected to be a dose ofabont 100 ng/kg to about 50 in^kg, preferably about 1^ 

aboutSmg/kg. An amount ofaconipound effective to treat a neoplastic condition is an 
amount that wiU cause a reduction in tumor size or in &e number of tumor foci Again, 
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tihie precise amoimt will vaty according to &ctors known in fhe art but is expected to be a 
dose of about 100 ng/kg to about 50 tag/kg, preferably about 10 ^ig/kg to about 5 mg/kg. 

The invention is fur&er described by the following exanq)Ies» which are provided 
for illustration only and are not intended to be limiting in any way. 

5 

Example! 

2-butyl-l-[4-^henylduo)but^q-l/r-imida2X)[4,S-<;]quino 




10 A round bottom flask was charged with a magnetic stir bar, 4-chloro-3- 

nitroqumoline (109.70 g, 525.87 mmol) and dichloromelhane (500 mL). To the solution 
was added trie&ylamme (79.82 g» 788.81 mmol) and4-amino-l-butanol (46.87 g, 525.87 
mmol) to give a homogeneous, dark yellow solution. The reaction was judged to be 
complete aftcnr heatmg at reflux for 30 minutes. Ibe solution was cooled and then 

15 partitioned between chlorofinin and saturated aqueous aim^ The layers 

were separated and Ifae aqueous layer was extracted wifiichloro£n3n(lxy Theorganic 
layers were combined and liien concentealBd under reduced pressure to afford of 4-[(3<* 
introqu]nol]nr4-y])amino]bu^ (104.67 g» 400.60 mmoQ as a dadc yellow solid. This 
material was used witfaout fbrtber puiificalion. 

20 Parts 

Aroundbottomflask was charged wxtii a magnetic stir bar. 4*[(3-mtroqu]nolin-4- 
yQam]no]butBihl-ol (5.0 g» 19.14 mmol), trieAylanune (2.91 g, 28.71 mmoQ, tert- 
butyldimediylsilyl chloride (3.75 g, 24.9 mmol), 4-dmietixylaminopyridme (0.10 g) and 
chloroform (40 mL) to give a dark yellow solution. Hie reaction was judged was to 
25 complete after stirring at ambient tempemtnre for 2 hours. Tlie solution was partitioned 
between etiiyliBicetate and saturated aqueous ammonium diloride. Tbe layers were 
separated and the organic layer was washed with satoratedaqueotto sodium bicarbonate, 
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dried over anhydrous sodium sulfate, filtered and then concentrated under reduced 
pressure to affimiiV'-(4-{[ter^butyl(dimeftyI)sflyl]oxy}but^^^^ 
(6.05 g, 16.1 1 mmol) as a yellow-green solid. This material was used without fnrAer 
purification. MS (CI) for Ci9H29N303Si miz 376 (MH*), 342, 210. 
5 Parte 

A Parr vessel was charged with iVK4"{[ter/-butyl(dimethyl)silyI]oxy}butyl).3- 
mtcoquinolin-4-amine (6.05 ft 16.1 1 mmol), 5% platinum on carbon (3.0 g), and toluene 
(32 mL). The vessel was placed on a Parr shaker and pressurized to 50 psi (3.5 Kg/cm^) 
hydrogen. After shakmg for one hour, more catalyst (3.0 g) and toluene (15 mL) were 

10 added and the vessel was pressurized to 50 psi (3,5 Kg/cm^) hydrogen and shaking 
continueA The reaction was judged to be complete after one hour. The catalyst was 
removed by filtcatian Ifarough fluted paper. The filter cake was washed with toluene (50 
mL) and the filtrates were combined. The volatiles were removed under reduced pressure 
to aflfoni J\K4-{[tert-butyl(dimelhyl)silyl]axy}^ (5.57 g, 16,11 

IS mmol)asadiBiricoil. Tbe material was used wiAoutftxtheri^^ 
PartD 

A round bottom flask was charged wi& a magnetic stir bar, iV^4- {[teH- 
butyl(dunethyI)5ilynoxy}butyl)quinoline-3,4-dia^ (5.57 g, 16.11 mmol), trimefliyl 
ordiovalerate (523 g, 32.22 mmol) and tohiene (47 mL). The reaction was heated to 

20 maintain a reflux that brougjit about a slow distillation to ftcilitate removal of the 

methanol byproduct The reactionwasjudged to be complete after 15 hours at reflux. 
The reaction was cooled and the volatiles were removed undo: reduced pressure to afford 
of 24>utyl.l-(4.{[fcrt-bulyl(dhnetlyI)ffllyl]oxy}bufy^^ (4.65 
g, 11.30 mmol) as a dsick,da]k brown oil The material was used widioutfiuther 

25 purification. MS (CQ for CWBbNaOSi m/z 412 (MH*), 298. 
Parts 

A round bottom flask was charged wifli a magnetic stfa: bar, 2-bu1yl-l-(4-{[^- 
butyl(dimetiQrI)silyl]oxy}butyl)-lir-imidazo[4,5-c]quin^ (4.65 & 1 130 mmol) and 
cUorofonn (57 mL). Solid 3-chloroperbenzoic acid (2.78 g, 12.43 mmol) was added 
30 portion wise to the solution over 15 minutes and ihe reaction was stined at am^^ 

temperature for 1 hour. More 3-chloroperbenzoic acid (0.5g, 2.9 mmol) was added and 
after 30 minutes the starting material was completely consumed. Thesolutionwas 
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partitioned between chlorofonn and aqueous saturated sodium bicarbonate. The layers 
were separated. The organic layer was washed with saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and then concentrated under 
reduced pressure to afford 2-butyH-(4-{[/fi/t-butyl(dimethyI)silyI]oxy}butyI)-l^- 
5 inndazo[4,S-c]quinoline-SN-oxide (4.83 g, 1 1 .30 mmol) as a dark oil. The material was 
used without fur&er purification. 
PartF 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-I-(4-{[rer^- 
butyl(dimethyl)8ilyl]oxy}butyl)-lfr-ixnidazo[4,S*^]q^ (11.30 mmol) and 

10 anhydrous dimethyl fomiianude (57 niL) under a zutrogexiatm^ Phosphorus 

oxychlcmde (1.91 g, 12.43 mmol) was added to the reaction xnixture in a drop wise fi^ 
to give a homogeneous solution after complete addition. The reaction was judged to be 
complete after stizring for 1.5 hours at ambient temperature arid was then partitionBd 
between dichloromethane and saturated aqueous soditmibicsubonate. Thelayerswere 

IS sepamted and fbe organic portion was wadied with aqueous satu^ 

and brine, dried over anhydrous sodium sul&te, filtered and tiim concentrated under 
reduced pressure to afford 2<^1yM-cUoro-l-(4-d)lorobnlyl)-lff-iinid 
(3.65 g, 10.42 mmol) as a dark brown solid. The material was used without furdiBr 
purification. MS (CI) fiir CigEbiCfaNd m/z 350 (MH^, 314. 

20 PartO 

Around bottom flask was charged widi a mi^netic stvbar, 2-ba1yI-4-chloro-l-(4- 
cUon>butyl>-lif-]midazo[4,5-c]qumoliiie (1.18 g, 3.37 mmol), benzenethiol (0.56 g, 5.05 
mmol), triethylamme (0.68 g, 6.74 mmol), and dimethyl fonnamide (IS mL) under a 
nitrogen atmosphere. The reaction mixture was heated to 80 to give a homogeneous 

25 solution that was maintained at 80 for 2.5 hours. HPLC analysis indicated no starting 
material and a 3:1 mixture of 2-butyl-4-cWorD-H4-^henyHhio)butyl]-liJ-imidazo[4,S- 
c]quinoIine and 24)utyl'4-(phenylthio)-l-[4-^heitylthio)butyIl-lif^ 
c]qainoline. The solution was cooled and then partitioned betwem ediyl acetate and 
aqueous saturated sodium bicarbonate. The layers were separated and the organic layer 

30 was washed with aqueous saturated sodium bicarbonate and brine, dried over anhydrous 
sodium sul&te, filtered and then concentrated under reduced pressure to afford a 3:1 
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mixture of ifae products named above (1.43 g). The material was used without farther 

purification. 

FartH 

A 3:1 mixture of 2-bu1yl-4-cUorD-l-[4-(phenylthio)butyl]-l/f-imidazo[4,5- 
5 cjquinoline to 2-butyl-4-(phenylfliio)-l-[4-(phenylthio)butyl]-lif«imid^ 

(1.38 g) and a solution of 7% ammonia in metiianol (30 mL} were combined ta a bomb 
and heated to 150 ''C. The reaction was judged to be complete after 5 hours. The volatiles 
were removed under reduced pressure and &e resulting residue was stirred in water and 
made basic 10) with solid sodium carbonate. The aqueous mixture was extracted with 

10 chloroform (3x). The combined organic layeris were washed with saturated aqueous 
sodium bicarbonate and brine, dried over anhydrous sodium sulfiite, filtered and then 
concentrated under reduced pressure to afford a yellow crystalline solid. The solid (0.8 g) 
was dissolved in ethyl acetate (50 mL) and brought to reflux. Activated charcoal (0.4 g) 
was added; the resulting mixture was heated at reflux for 5 minutes and then the charcoal 

15 . was removed by filtration throu^ fluted paper to provide a colorless solution. The 

solution was concentrated imder reduced pressure to give a solid that was recxystaUized 
fiom ethyl acetate and hexanes to provide 2-butyl-l-[4-(phenyltbio)butyl]->lfi'- 
imidazo[4,S-c]quinolin-4-amine (0.51 g, 1.25 mmol) as white needles, m.p. 1 18-120 °C. 
Analysis, Calculated for C24H28N4S: %C 7125; %H. 6.98; %N, 13.85. Found %C 71.12; 

20 %H, 6.81; %N, 13.62 

*H-NMR (300 MHz, DMSO) 8 8.02 (d, J = 8.3 Hz, IH), 5 7.61 (d, J = 8.3 Hz, IH), 5 7.41 
(t, J = 8.3 Hz, IH), 5 7.16-7.30 (m, 6H), 5 6.46 (bs, 2H), 5 4.52 (t, J = 7.6 Hz, 2H), 5 3.02 
(t. J« 7.3 Hz, 2H), 5 2.89 (t, J = 7.8 Hz, 2H). 8 1.95 (m, 2H), S 1.75 (m. 4H), 8 1.43 
(sextet, J = 7.3 Hz, 2H), 5 0.94 (t, J = 7.3 Hz, 3H) 

25 MS (CI) for C24H28N4S m/z 405 (MH^, 282, 241 
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Example 2 

2-butyl-l-t2-(phenylfhio)e1hyl]-6.7.8,9-tetrahydio- 
lH-miidazo[4,5-c]qumolin4-ainine hydrochloride 
NH, 




S PaitA 

Around bottomflaskwaschfligedwi&amgndK s&bar, 2<4-anB^ 
6 J,8.9-tetrahydto-lH-iimdazo[4^-c]qBinblm (1.0 g. 3.47 mmol), tert- 

bli^ldiniefliylsUylcUoride (1.62 g, 10.75 mnol), trieftylaoiiiB (1.58 g, 15.62 mmol), 4- 
dmwthylanuiiopyridnie (0. 1 g). and cMorofinm (30 mL) to give a heteiogpneous reactkm 
10 oixtiTO. The reaction wasjudgedtobecoi^ 

sohition WBspaititionedbetweeii efliyl acetate and saturated aqueous ammoniuin eWoride. 
Tluj layera were separated and Am organic kyetTiwiswas^ 
sodium Ucafbonato andl«ine, dried over anhydrous sodinm sulfete, filtered and then 
concentratedunder reducedpressure to aflbrdaS:! mixture of 2-butyi-l-(2-{[tert- 
15 butyl(toethyI)8ilyl]oxy}e%W.8>-tetrahydro-lH.i^ 
and2-batyl-iV^ltert-bnlyXdiineliiyI)silyn.l-(2.{[^^^ 

6.7.8>tetralvdro-l*imida2o[4,5^]quinolin-4Hmi^ (1.79 g) as a dadcbrown oil. He 

material was used witiiout &rdier purificatioa 

FartB 

20 A round bottom ftosk was charged with a magnetic stk bar, a 3:1 mixture of 2- 

btttyl4-(2.{[/ert-bulyKdime%l)8ilyl]oxy}ethylH7.8.9-tet^ 
dquinolm^-amine and 2-butyl-iV^[rcrt-bulyl(dime1hyl)silyl]-l -(?-{['«*- 
butyl(dime%l)sayI]oxy}efliyO-6.7.8^-tetndiydro-l^f-imidaa)[4,5^]<p^ 
(1 .6 g) and a 1 M sohition of acetic acid in dicUoromefliane (85 mL) to provide a 
25 homogenous solution, ihe reaction was judged to be complete ate stirring at ambient 

temperaturefor30mimites. ThesotalionwaspartitionedbetweenchUjrofimnandbrine. 

The kyers were separated and tiie organic tayer was washed wife aqueous sato 
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sodium bicaxbonate and brine, dried over anhydrous sodium sul&te, filtered and tfien 
concentrated under reduced pressure to afford a dark brown oil. The maferial was purified 
by cbromatograplqr over siKca gel (95/4/1 dichloiomethane/meaumol/ammonium 
hydroxide [14.8 M in water]) to provide 2-bu^H-(2.{[«ert. 
5 bufyl(dime%l)silyl]oxy}e&yl)-6J,8^-tetrahydro-lfr-in^ 
(1.24 g, 3.10 mmol) as a colorless oiL 
Parte 

A round bottom flask was charged with a magnetic stir bar, 2-butyM-^-{[/e7t- 
butyl(dimethyl)silyl]oxy}ethyO^,7,8,9-tetrahydro-lH-M 

10 (0.83 g, 2.06 imnol), di-/ert-butyl dicarbonate (L79 g, 8.24rmnol), triellQrlamine (0.52 & 
5.15 mmol), 4-dimethylaminopyridine (0.1 g}, and anhydrous tetzahydrofuran (21 ml) 
under a nitrogen atmosphere. The reaction xnixture was heated to 60 to give a 
homogeneous solution that was maintained at 60 X &r 2.5 homs at which tone Ifae 
reaction was judged to be complete. The solution was cooled to ambient tenq)erature and 

15 a 1 M solution of tetrabuiylanmionium fluoride in tetrahychofuran ^1.27 mL, 2.27 mmol) 
was added. The reaction was judged to be complete after stising at ambient tenq)erature 
for 30 minutes. The solution was partitioned between elfayl acetate and saturated aqueous 
ammonium chloride. The layers were separated. The organic layer was washed with 
saturated aqueous sodium bicarbonate and brine, dried over anhydrous sodium sul&te, 

20 filtered aiid then corK»ntmted under reduced pressure to aflfoni a BghtyeU^ The 
material was purified by chromatography over silica gel (95/5 dichloromettianeAnethanol) 
to provide di(/err-butyl) 2.butyl-l-(2-hydroxyefliyl)^,7,8,9-tetrahydro-lJJ-mudaz^ 
c]quinolin-4-ylimidodicarbonate (0.55 g, 1.13 mmol) as a clear gum. 
PartD 

25 A round bottom flask was charged with a magnetic stir bar, di(/e7t-butyl) 2*butyl- 

l-(24iydroxyefliyl)-<,7,8,9-tettahydro-lff-nmdazo[4,5^^ 
(0.55 g, 1.13 imnol) and arihydrous dichlorometfaane (1 1 mL) under a nitrogen 
atmosphere. The resulting homogeneous sohtion was cooled to -10 ''C in a methanol^ce 
-bab. To the cooled sotation was added tneOiylanune (0^ g, 2.26 rnmol) and 

30 methanesulfin^l chloride (0.19 g, 1.70 mmol). The reaction was judged to be complete 
after stnringat-lO "^C for 15 minutes and was then partitioned between etfayl acetate and 
saturated aqueous ammonium chloride. The layers were sepamted. The organic layer was 
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washed with satuiated aqueous sodium bicarbonate and briae» dried over anhydrous 
sodium sul&te, filtered and then conceQtzatBd under reduced pressure to eSatd 2- {4- 
[bis(/erf-butoxycaibonyl)amino]-24)u1yW,7,8,9-tetrahydr^ 
yl}etfayi metfaanesulfimate (0.61 g, 1.08 nunol) as a gummy yellow solid. The material 
5 was used without fittflier purification. MS (O) for (i7H4aN407S m/z 567 ^IH*), 467, 
367,271. 
PartB 

A round bottom flask was charged wifli a magnetic stir bar, 2'{A'[tiis(fert'' 
btttoKycaAoayl)ammo]-2-b»tyW,8,9-t^^ 
10 methanesulfonate (0.61 g, LOS mmol), benzenethiol (021 g, 1.88 mmol), triediylamine 
(025 g, 2.43 mmol) and anhydrous dimeOiyl fotmamide (11 mL) under amtrogen 
atmosphere. The reaction mixture was heated to 80*^0 to ^e a dadc yellow, 
homogeneous solution that was maintained at 80 for 2.5 hours at which time tiie 
reaction was judged to be complete. The solution was cooljsd and Ihen partitioned 
15 between ethyl acetate and saturated aqueous sodium bicartKmatB. The layers were 

separated. The organic hyer was washed with saturated aqueous sodium bicaibonate and 
brine, dried over axifaydrous sodium sul&te, filtered and tiien concentrated under reduced 
pressure to afford a yellow oiL The xnatecial was purified by chromatograplQr over silica 
gel (95/5 dichloromefliane^eflianril) to provide (teJt*utyl) 2-butyH-t2- 
20 (iphenyltibio)ethyl]-6,7,8,9-tetxahydro-lir-in^ 

(0.54 g, 0.93 mmo^ as a light yellow oil. MS (€3) for C32H44N4O4S m/z 581 (MH*), 481, 

381.245. 

PartF 

A round bottom flask was charged wifli a magnetic stir bar, di(tert-butyl) 2-butyl- 
25 l.[2-<phenylfluo)e%l]-6,7,8,9-tetrahydip-L?^imidazo[4,5-^]q^ 

ylimidodicarbonatB (0.50 g, 0.86 imnol), a 4 M sohition of lydrocWoric acid in dioxane (5 
mL), and dichloromethane (5 mL). The reaction was judged to be complete after stirring 
at ambient temperature for 2 hours. The volatiles were removed under reduced pressure to 
afibrd an off white solid. The material was recrystallizedfiomacetonitrile to provide 2- 
30 butyl-l-[2-(phenylthio)ethyl]-^,7,8,9-tetrahydro-lH^ 

hydrochloride (0.17 g, 1.30 namol) as fluflfy white needles, m.p. 237-238 ^'C. Analysis. 
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Calculated for C22H28N4S •(H20)i/4- (HCQz: %C 57.70; %H, 6.71; %N, 1223. Found %C 
57.62; %H, 6.57; %N. 12.41 

^H-NMR (300 MHz, DMSO) 8 7.81 (ba, 2H), 5 7.22-7.39 (m, 5H), 8 4.64 (t, J « 6.8 Hi, 
2H). 8 3.40 (t, J = 6.8 Hz, 2H), 8 2.75 (m, 6H), S 1.71 (m. 6H), 8 1.34 (sextet, J« 7.3 Hz. 
2H),8 0.89(t, J = 7.3Hz,3H) 

MS (CI) for C22H28N4S (H20)iM(Ha)2 miz 381 (MH*), 245, 137 

Example 3 

2-butyl-l-[4-0pli6nylsa]fonyI)butyl]-l^-im 




10 

Part A 

Using the general metibod of Example 1 Pait E, 2Ay^fy\A^A'{!itert' 
batyl(dimetibyl)silyl]oxy}butyQ-Ur-tmxdazo[4,5-^^ (16.0 g, 38.87 mmol) was 

oxidized to 2-butyl-l<4-{[tert^mtyl(dime%Q8ilyl]oxy}lmtyO- 
15 cjquinoliiie-SN-cndde (16.61g, 38.87 mmol) which was isolated without purification as a 
tan solid. 
PartB 

A lound bottom flask was changed with a magnetic stir bar, 2-batyl-l-(4-{[/err- 
butyKdimetfayl)si]yl]oxy}butyl>lH-hnidazo[4,SH:]^^ (16.61 g, 38.87 

20 mmoQ, a 14.8 M sohition of ammonhmi l^dnxxide in water (75 mL) and chlorofiimi ^00 
mL). To die rapidty stizring solution was added p-toluenesulfonyl chloride (8.15 g, 42.76 
mmol) in a portion wise ftshionresuhmg in a mild exothemL The reaction was judged to 
be complete after stirring at ambient temperature for 10 minutes. The solution was 
partitioned between chloiofomi and aqueous saturated sodium bicarbonate. The layeis 

25 weiesepamted. The oiganic layer was wadied with saturated aqueous sodium bicai^ 
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and brine, dxied over anliydious sodium sol&te, filtered and then concentrated under 
ledocedptessuie to afford an off-wUtB solid. The nuiterial was triturated wi&ediyl ether 
and collected by filtration to provide 2-butyl-l-(4-{[<cr/-butyl(dimethyl)silyl]oxy}butyl)- 
l/f»inudazo[4«S-c]quinolin-4-axnine (9.3 g, 21.80 mmol) as a fine white powder. The 
S material was used without fiirther purification. 
Parte 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-l-(4-{[(erf- 
bu1yl(d3metfay])silyl]oxy}butyl)-lH-imidazo[4,S*<;]qmnol^ (9.2 g, 21.56 mmol), 

a IM solution of tetrabutylammonium fluoride in tetrahydrofiiran (23.72 mL, 23.72 

10 nnnol), and anhydrous tetrahydrofioan (100 mL) to give a homogeneous, ligjht orange 

solution. The reaction was judged to be complete after stirring at amUent temperature for 
1 hour. While stirrings water (100 naL) was added and resulted in a rs^ The 
volatiles were removed under reduced pressure until a solid precipitated out of solution. 
The solid was collected by filtration and washed with water (20 mL) and acetone (20 mL) 

IS toafibrda^^uteaoUd. The niaterid was triturated wilh etiiylellie^ 

by filtration to provide 4-(4-amino-24mtyl-lJ7-iinidazo[4,S-c]q[umo^ 
(6.12 g, 19.59 mmol) as a fine white solid, m.p. 184-186 ""C. 

Analysis. Calculated Soc Ci8Hi4N40: %C 69.20; %H, 7.74; %N, 17.93. Found %C 69.05; 
%H, 8.02; %N, 18.03 
20 MS(CI)forCi8H24N40m/z313(MH^ 
PartD 

A round bottom flask was charged with a magnetic stir bar, 4-(4-amino-2-butyl- 
lH-imidazo[4,5-c]quinolin-l-yI)butan-l-ol (7.3 g, 23.37 mmol), trietiiylamine (3.55 g, 
35.06 mmol), and anhydrous dimethyl foimamide (93 mL) under a nitrogen atmosphere. 

25 To die stirred solution was added phosphorus oxychloride (3.94 g, 25.70 mmol) in a drop 
wise fishion resulting in an exotfaerm to give a dark yellow heterogeneous reaction 
mixture. The reaction niixtuze was heated to 60 ®C to give a homogeneous solution Mt 
was maintained at 60 for 5 hours at which time die startmg material was completely 
consumed. The volatiles were removed under reduced pressure to ^ve a dark brown oil. 

30 The material was partitioned between chloroform and saturated aqueous sodium 
bicarbonate. The layers were separated and the aqueous layer was extracted with 
chloroform (Ix). The organic layers were combined and the volatiles removed under 



29 



wo 02/46192 



PCTAJSOl/46697 



reduced pressure to afford a 2:1 mixture of ^*-f2-butyl.l.(4-chlorobutyl)-lfi'-iimdazo[4^- 
c]quinolin'4-yl]-;v;Ar-dimethylimi aiid 2-butyH.(4-cWorobutyI>l/f- 

imidazo[4,S-c]qumoIm-4-ainixLe (7.70 g) as an off-white solid. The mateiial was used 
without further purification. 
5 PaitE 

A round bottom flask was charged with a magnetic stir bar, a 2: 1 mixture of iV'-[2* 
butyl«l-(4-cUorobutyl)-lH-imidazo[4,5-c]quinoIin-^ 

and 2-butyl-l-(4-cUorobutyl)-lJf-inudazo[4,5-c]quinolin-4-am^ (1.3 g), benzenesulfinic 
acid sodium salt (1 .67 & 10.1 1 mmol), and anhydrous dimethyl formamide (15 mL) under 

10 a nitrogen atmosphere. Hie resulting solution was heated to 1 00 to give a 

homogeneous solution that was maintained at 100 °C for 90 hours at which time the 
starting materials were coiiq)letely consumed. The solution was cooled and then 
partitioned between chloroform and water. The layers were separated. The organic lay er 
was washed with saturated aqueous sodium bicazbonate and brine, dried over anhydrous 

1 5 sodium sul&te, filtered and then concentrated under reduced pressure to afford a dark 
yeUow gum. The material was dissolved m methanol (20 mL) and a4 M solution of 
hydrochloric acid in dioxane (3.02 mL, 12.1 mmol). The light orange solution was stirred 
at ambient temperature for 12 hours at which time the reaction was judged to be complete. 
The voktiles were removed under reduced pressure to give a light yellow gnm. The 

20 material was partitioned between cUorofcmn and saturated aqueous sodium bicarbonate. 
The toyers were sepamted and the aqueous layer was extracted wifhcUoiofin^ The 
organic layers were combined, washed with brine^ dried ova anhydrous sodium sul&te, 
filtered and then concentnited under reduced pressure to afford a UghtyeUo^ The 
material was purified by chzomatography over silica gel (95/5 dicMoromettaneAnethanol) 

25 to give an off-white solid. Hie solid (0.63 g) was dissolved in elfayl acetate (50 mL) and 
broufl^ to reflux. Activated charcoal (0.6 g) was added and Oeiesultrnginixture was 
heated at reflux fixr 5 mimitBS. Hie charcoal was removed by fiUzation through fluted 
pqier to provide a colorless sohitLon. The sohxtion was concentrated under reduced 
pressure to give a solid fliat was recrystallizied fiom ethyl acetate an^ 

30 2-butyl-l<4-^henyIsulforQrI)bufyQ.lH-iinidazo[4,5-c]q^ (037 & 0.85 

mmol) as a white fluffy solid, m.p. 179-180 Analysis. Calculated for C24Hi28N402S: 
%C 66.03; %H, 6.46; %N, 12.83. Found %C 65.88; %H, 6.49; %N, 12.76 
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'H-NMR (300 MHz, DMSO) 8 7.98 (d. J - 8.3 Hz, IH), 8 7.82 (m. 2H) 8 7.73 (d, J - 73 
Hz. IH), 5 7.62 (m, 3H) 8 7.41 (t, J = 7.6 Hz, IH), 8 7.22 (t. J = 7.6 Hz, IH), 8 6.45 (bs, 
2H), 8 4.5 1 (t, J = 7.3 Hz, 2H), 8 3.90 (t, J - 7.8 Hz, 2H), 8 2.86 (t, J = 7.6 Hz, 3H), 8 
1.69-1.90 (m, 6H), 8 1.43 (sextet, J = 73 Hz, 2H). 8 0.95 (t, 1= 7.3 Hz, 3H) 
5 MS (CI) for C24H28N402S m/z 437 (MH*), 295 

Example 4 

24n]t3i-l'-[4-(metliyItbio)lmtyll-lJ7-i]mdazo[4,5-c^ 

NH. . 

\ 

10 Part A 

A round bottom flask was charged with a magaetic stir bar, a 2:1 nuxture ofN*'\2'' 
bu1yl-H4-chloiobutyI)-lH-iiiiida2o[4,5K?]quinolin-4-^^^ 

aiid24)utyW-<4-cUoiobutyl>lif-m (6.17 g)» a 4 M solation 

of Miochloxic acid in dioxaae (21.15 inL, 84.56 mmoQ, and methanol ^00 mL) to 

15 provide a light orange solution. The reaction wasjudged to be convleteafier stirring at 
ambient tenq^eratnre for 43 hours. The voktiles were rranovedmider reduced pressure 
and flie resulting lig^ yellow solid was partitioned between chloroform and saturated 
aqueous sodium bicaibonate. The layers were separated and the aqueous layer was 
extracted wiSi chloroform (Ix). The organic layers were combmed, dried over anhydrous 

20 sodium sulfite, ffltned and then concentrated under reduced pressure to affind 2-butyl- 1 - 
(4-dilorobuty^lH-imidazo[4,S-c]qu]nolin-4H^^ (4.65 g, 14.05 mmol) as an off-white 
solid. The nurterial was used without finlherpurificati MS(CI)forCi8H^CIN4m/z 
331 (MH*), 295. 
PartB 

25 A round bottom flask was charged with a magnetic stfr bar, 2-bufyH-(4- 

cUorobutyI>lH-inudazo[4,5-c]quinolin-4-amine (1.5 g, 4.53 mmol), sodium 
fhiome£hoxide (0.48 g, 6.80 mmol), and anhydrous dimebyl formamide (18 mL) under a 
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nitrogen atmosphere* The reaction mixture was heated to 60 to give a homogeneous 
solution that was maintained at 60 **C for 1 6 hours at which time the startmg material was 
completely consumed. The solution was cooled and then partitioned between chloroform 
and water. The layers were separated and the organic layer was washed with saturated 
5 aqueous sodium bicaibonate. The combined aqueous layers were extracted with 
chloroform (Ix), The combined organic layers were washed with brine, dried over 
anhydrous sodium sulfete, filtered and flien concentrated under reduced pressure to afiFord 
a dark brown oiL The material was purified by chromatography over silica gel (90/10 
dichloromethane/metiiaiiol) to provide a light yellow solid. The solid was leciystaDized 
1 0 fiom dimefliyl fonnamide and water to give 2-butyH-[4-(meti[iylthio)butyI]-lJ¥. 

imida2X)[4,5-<:lquinolin-4.aiaine (0.83 g, 2.42 mmol) as ligjht yellow needles, m-p. 127-130 

Analysis. Calculated for C19H26N4S: %C 66.63; %H. 7.65; %N, 1636. Found %C 66.68; 
%H. 7.53; %N, 1635 

15 'H-NMR (500 MHz, DMSO) 5 8.04 (d, J= 8.3 Hz, IH), 5 7.61 (d, J = 83 Hz, IH). 5 7.41 

(t, J = 83 Hz, IH), 5 725 (t. J = 8.3 Hz, IH), 8 6.43 (bs, 2H), 5 4.52 (t, J = 7.6 Hz, 2H). 6 

2.92 (t, J = 7.8 Hz, 2H), 6 2.53 (t. J = 7 J Hz, 2H). 6 2.01 (s, 3H), 8 1 .90 (m, 2H) 5 1.80 (p. 

J = 7.8 Hz, 2H) 6 1.7 1 (p, J = 73 Hz, 2H) 6 1 .46 (seKtet, J = 73 Hz, 2H), 8 0.96 (t, J ^ 73 
HZ.3H) 

20 MS (CI) for C|9H»6N4S vaJz 343 (MH*). 295, 241 
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Example 5 

2.butyl.l-[4-(methylsulf<myl)bu1yl]-lH-i^ 




PaitA 

5 A round bottom flask was charged wifli a magnetic stir bar, 2-biityl-l-[4- 

(melJiylMo)butyl]4H-Mdazo[4,5-^]qumolm-4-ai^ (1.2 g, 3.50 mmol), and 
chloroform (18 mL). Solid 3-chloroperbenzoic acid (1.72 g, 7.71 mmol) was added to the 
resulting solution portion wise over 1 5 minutes. The reaction was judged to be complete 
after stirring at anabient temperature for 5 minutes. The solution was partitioned between 

10 chloroform and 1% aqueous sodium carbonate. The layers were separated and the organic 
layer was washed with brine, dried over anhydrous sodium sulfete, filtered and tiien 
concentrated under reduced pressure to afford a li^t brown solid. The material was 
purified by chromatography over silica gel (90/10 dichlorometiiane/methanol) to provide 
an ofif-white solid. The solid was reciystaUized from acetonitrile and water to give 2- 

15 butyl-l-[4-<me%lsulfonyI)butyl]4H-inddazo[4,5-c]qui^^ (0.61 g, 1.63 

mmol) as off-white needles, ULp. 164-165 **C. 

Analysis. Calculated for Ci9H26N40aS: %C 60.94; %H, 7.00; %N, 14.96. Found %C 
60.71; %H, 6.94; %N, 14.94 

^H-NMR (300 MHz, DMSO) 8 8.03 (d, J « 8.3 Hz, IH), 5 7.61 (d, J = 8.3 Hz, IH). 5 7.42 
20 (t, J - 8.3 Hz, IH), 5 7.26 (t, J - 8.3 Hz, IH), 5 6.46 (bs, 2H), 5 4.56 (t, J » 7.6 Hz, 2H), 8 
3.21 (t, J = 73 Hz, 2H). 8 2.96 (s, 3H), 8 2.93 (t, J = 7.8 Hz, 2H), 8 1.91 (m, 4B),S 1.81 
(p, J = 7.3 Hz, 2H), 8 1.45 (sextet, J = 7.3 Hz. 2H), 8 0.96 (t, J = 7.3 Hz, 3H) 
MS (O) for Cl9Ha6N;^02S m/z 375 (MH*), 295 
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Example 6 

l-[2-^henyltMo)ethyl]-lif-Mda2o[4,5-c]quinolm 




PartA 

S A round bottom flask was charged with a magaetic stir bar, 2-(4-amino-lfr- 

imidazo[4,S-c]qumoliii-l*yl)e&anoI (8.46 g, 37.06 mmol)» and thionyl chloride (68.99 g, 
57.99 mmol) mider a nitrogen atmosphere. The reaction mixture was heated to 80 °C to 
give a heterogeneous reaction mixture that was maintained at 80 for 2 hours at which 
time the starting material was completely consumed. - The solution was cooled and 

10 quenched by die addition of water (400 mL). To the stirred solution was added solid 
sodium caibonatB until the pH reached 1 0 at which tune a solid precipitated out of 
solution. Use solid was collected by fiXtcation to afford l-(2-cliloroefliyl)-liif-imidazo[4,S- 
c]quinolin-4-amise (7.86 g» 31.86 mmol) as an off-wfahe solid. The material was used 
wiOout fivflier purification. 

IS Parts 

V A round bottom flask was charged with a magnetic stir bar, l-(2-chIoroethyl)-l£r- 

imidazo[4,S-c]quinol]n-4-amine (2.0 g, 8.11 sodium benzeneduolate (1.79 g» 12.16 

mmol), and anhydrous dimeftylsulfioadde (40 mL) under a nite The 
reaction mixture was heated to 100% to give a homogqaeous solution that was 

20 maintained at 100 % for SOnunutes at wUchtime the startiBgmaterid was conqdetdy 
consumed. Tlie hot aohtion was poured into rapidly stirred water ^00 mL)wUchcau8^ 
a solid to precqntate out of solution. Thesolidwas collected by filtration to afford an off- 
wfaitesolid. Itematerial was triturated with acetonitrile and collected by filtration to give 
l-[2-({dienyl6uo)elfayl]-lJ7-inudazo[4,S-<]qu^ (2.08 g, 6.49 mmol) as an off- 

25 white powder, m. p. 233-235 %. 
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Analysis. Calculated fi3rC,8Hi^4S: %C 67.47; %H, 5.03; %N, 17.49. Found: %C 6720; 
%H. 455; %N, 17.52 

*H-NMR (300 MHz, DMSO) 5 8.14 (s, IH), 5 7.76 (d, J= 8.3 Hz, IH), 5 7.60 (t, J = 8.3 
Hz, IH), 5 7.28-7.44 (m, 6H), 6 7.12 (t, J = 8.3 Hz, IH), 5 6.58 (bs. 2H), 8 4.79 (t. J = 6.8 
Hz, 2H), 5 3.48 (t, J = 6.8 Hz, 2H) 
MS id) for C18H16N4S m/z 321 (MH^, 185, 137 

Example 7 

l-[4-(pIiei^lsulfoiiyl)batyl]-lJ7-i]mdazo[4,5-c]qumolii^^ 

1 




10 

PaitA 

A lound bottom flask was chaxged wifii a magnetic stiz bar, //,iV-diben2yM/r- 
imidazo[4,S-c]qumolm-4-amine (20.0 g, 55.04 mmol), sodium hydride (3.3 g» 60% 
dispersion, 82.56 mmol), and anhydrous dimethyl fomiamide (275 mL) under a nitrogen 

15 atmosphere. After the reaction mixture had stirred at ambient tenqierature 

chloro-l-iodobutane (19.23 & 88.06 mmol) was added and Ihe resulting homogeneous 
solution was stirred at ambient temperature for 4 8 hours at which time the starting material 
was consumed. The solution was partitioned between ethyl acetate and water. The layers 
were separated and the organic layer was washed with saturated aqueous sodium 

20 bicarbonate and brine, dried over anhydrous sodium sul&te, filtered and then concentrated 
under reduced pressure to afford a light yeUow solid The matoial was recrystallized firom 
ethyl acetate and faexanes to give A^,i^K]iben2yl-l-(4-chIorobutyl)-l^-inudazo[^ 
c]quinoliii-4-amine(20J& 45.49 mmol) as white needles. MS (CI) for C2aH27ClN4 m/z 
455 (Nflf), 365, 329. 239 
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Parts 

A roimd bottom flask was charged wifli a magnetic stir bar, iV^-diben2yH-(4- 
cWorobutyl>liy-midazo[4,5-c]qTunolin-4-amm (7.0 g, 15.38 mmol), sodium 
benzenethiolate (3.46 g, 26.15 mmol), and anhydrous dimethyl formamide (77 mL) under 
5 a nitrogen atmosphere. The reaction mixture was heated to 60 °C to give a heteiogeneous 
mixture that was maintained at 60 ''C for 4 hours at which time the startmg material was 
completely consumed The cooled solution was partitioned between eOxyl acetate and 
water. The layers were separated. Theorganiclayerwas washed with saturated aqueous 
sodium bicarbonate and brine, dried over anhydrous sodium sul&te, filtered and then 
10 concentrated under reduced pressure to afford a colorless oil. The material was purified 
by chromatography over silica gel (80/20 hexanes/ethyl acetate) to provide /iW-dibenzyl- 
l-[4-(iphenylthio)butyll.l/f.imidazo[4^-<?]quinolin-^^ (7.5 g, 14.19 mmol) as a 
colorless oiL MS (CT) for C34H32N4S m/z 529 (MH*), 439, 349 
Parte 

15 A round bottom flask was charged with a magnetic stir bar, JV,JV'-dibenzyH-[4- 

Q)heitylfliio)butyl]-liy-imida2ot4,5H:]quinolm-4^amm (3.64 g, 6.88 mmol) and 
chloroform (34 mL). Solid 3-chloroperbenzoic acid (3.39 g, 15.14 mmol) was added 
portion wise to Hie resulting solution over 5 minutes. The reaction was judged to be 
compIetB after stiixing at ambient tenqiemture for 5 minutes. The solution was partitioned 

20 between chloroform and 1% aqueous sodium carbonate. The layers were separated. Ihe 
organic lajrer was washed with brinei dried over anhydrous sodium sulfitte, filtered and 
ften concentrated under reduced pressure to afford a red gum. The material was purified 
by chromatography over silica (dichlorometfaane) to provide iV;AMibenzyl-l-[4- 
^hei]ylsumn]yl)bu1yl>l^-imidazo[4,5-c]qum^ g, 5.08 mmol) as a Ught 

25 pinkgum, MS(CI)forC34H32N4QzSm/z561 (MH*),471,381 
PaitD 

A round bottom flask was charged widi a magnetic stir bar. J\r,/MibeDzyl-l-[4- 
(phei]yl8uIfin^I)batyI]-lH-imidazo[4,5-c]qumolin (1.0 g, 1.78 mmol), triflic acid 

(2*68 17.83 mmol), and anhydrous dichloromethane (14 mL) under a nitrogen 
30 atmosphere. The reaction was judged to be jeonyletB after stirring at flmbient tHmpgn iti^ 
fi)r24hour8. The solution was partitioned between chlorofonn and excess aqueous 
sodmm hydroxide (20%). The layers were separated. Ihe aqueous kyer was extracted 
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with chlorofonn (3x). The organic layers were combined and then concentrated under 
reduced pressure to afibid a light brown sofid. The material was purified by 
chromatography over silica gel (90/10 dicUoromethaneAnethanol) tp provide a fine white 
powder which was recrystallized fi:om acetonitcile to give l<{4-(phenylsul£(niyl)butyl]-lH- 
iniidazo[4,S-c]qmnolin-4-anune (0.32 g, 0.84 nunol) as white needles, m. p. 175-177 ^'C. 
Analysis, Calculated for C^v^hOzS: %C 63.14; %H, 5.30; %N, 14.73. Found: %C 
63.14; %H, 5.24; %N, 14.77 

'H-NMR (300 MHz, DMSO) 5 8.15 (s, IH), 5 8.01 (d, J « 8.3 Hz, IH), 5 7.80 (m, 2H), 5 
7.71 (m, IH), 6 7.60 (m, 3H), 6 7.44 (t, J = 8.3 Hz, IH), 5 724 (t, J » 8.3 Hz, IH), 5 6.59 
(bs, 2H), 5 4.59 (t, J « 6.8 Hz, 2H). 5 3.38 (t, J = 7.8 Hz, 2H), 5 1.93 (m, 2H), 5 1.58 (m, 
2H) 

MS (CI) for C20H20N4O2S m/z 381 (MH^, 239 

Example 8 

IS 1^4Kine%lsulfi}i^l)butyl]-lH-inudazo[4,5-c]q^ 




PaxtA 

Using the general mefhod of Exanqile 7 Part B, iVJV-diben^l-l-(4-chlorobutyl)* 
lH-iniidazo[4,5-c]q[uinolinr4-amine (5.0 g, 10.99 mmol) was converted to ?/,Ar-diben^l- 
20 l-[4^methyltUo)buty]]-l£r-hnidazo[4,5<^]quh^ usmg sodium Ihiomeftoxide 

(1.16 g, 16.48 mmol). The material was purified by chromatography over sifica gel (80/20 
hexanes/ell^ acetate) to provide product (4.91 & 10.52 nmiol) as a colo^^ 
(CI)ferC29H3dN4Sm/z467(MH:*).377,287, 185 
PartB 

25 Usmg the genml method of Exantple 7 Part C, //,iVHlibenzyl-l-[4- 

(mettaylftio)butyi]-l/7-imidazo[4,5-c]q[Qmolh^ (4.91 g, 15.52 mmol) was oxidized 

to //,N^diben27l-l-[4-(me%lsu]fonyl)buty^^ which 
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was purified by chromatography over siKca gel (80/20 hexanes/ettiyl acetate) to provide 
Ae product (4.53 g, 9.08 mmoV) as a onmge solid. MS (CI) for C29HjoN402S n/z 
499 (MH^, 409, 319 
Parte 

5 Using the general method of Example 7 Part D, AyV-dibenzyl-l-[4- 

(methylsulfonyl)bu1yI]-l/F-iniidazo[4,5-c]quinolin-4-amine (4.53 g, 9.08 mmol) was 
converted to l-[4-(me1hylsulfonyl)bufyl]-lH-iniidazo[4,5-c]quinolin-4-amine. The 
material was recrystallized &om meflianol and water to afifozd ttie tide conq)ound (133 g, 
4.18 mmol) as vvidte needles, m.p. 203-204 "C. 

10 Analysis. Calculated for CisHigN402S: %C 56.58; %H, 5.70; %N, 17.60. Found: %C 
5633; %R, 5.63; %N, 17.41 

'H-NMR (300 MHz, DMSO) 5 8.22 (s, IH), 8 8.06 (d, J = 8.3 Hz, IH). 5 7.62 (d, J = 8.3 
Hz, IH). 5 7.45 (t, J= 8.3 Hz, IK), 8 7.27 (t, J- 8.3 Hz, IH), 5 6.59 (bs, 2H), 8 4.65 (t, J- 
6.8 Hz. 2H), 8 3.19 (t, J » 7.8 Hz, 2H), 8 2.93 (s, 3H), 8 1.99 (m. 2H), 6 1.74 (m, 2H) 
15 MS(CI)forCisHi8N402Sm/z319(MH*),239 

Example 9 

l-[4-(phenylflno)bu1yl]-lfi'-imidazo[4,5-e]qiimolin-4^amine 




20 PartA 

Usiqg lbs gemal mefbod of Exanqde 1 Part D, /^•<4-{[tert- 
balyl(diiiie%98i]yI]oxy}batyI)quiiioIine-3/4H^^ (lOUl g, 292.90 mmol) was 
eyclized to H^{[tert'bvtyli(aBas^lby^^ 

tdettQrl ozftofinmate (65.1 1 g, 439 J5 mmol). The pioduot (75.0 g, 210.93 mmol) was 
25 isoktodasabiownoflandnsedwiftoutfiiriherpuificatiao. 
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PaitB 

Using the general method of Example 1 Part E, l-iA-Htert- 
hv^K^eik^^ (422 g, 118.69 mmol) was 

oxidized to l-{4.{[fert-butyl(dimethyI)sayl]oxy}^^ 
S oxide (44.10 g, 1 18.69 mmol) which was isolated without fbxOier purification as a tan 
solid. 
Parte 

Using the general method of Exanq>le 3 Part I-(4-{[^- 
bulyl(dimeflqrOsilyl]oxy}butyl)-lir.imi^ (44.10 g. 118,69 

10 mmol) was aminated to provide l-<4-{[terr4)ut^(dime&yOsi]yl]oxy}butyl)-l^^ 
imidazo[4.S-c]quinolin-4-amine. The material was tritoxated with elhyl ether and 
collected by filtration to afiford die product (2 1 .54 g, 58. 1 2 mmo^ as a light brown solid 
which was used without farther purification. 
PartD 

IS Using the general method of Example 3 Part Q l-(4-{[/err- 

biifyI(dunethyI)silyl]oxy}butyl).l^r-imidazo[4,5H:]quinol^^ (21 .5 g, 58.02 mmol) : 
was converted to 4-(4-aniino-ljy-imida2o[4,5-c]quinolin-l-yl)butan-l-oL The material 
was tritmrated with cold methanol (0 "^C) and collected by filtration to afford Oe product 
(13.92 g, 54.30 mmol) which was used without farther purification. MS (CI) finr 

20 C14H16N4O m/z 257 (MH*), 185 
PartE 

Using the general mefliod of Exanq)le 6 Part A, 4-(4-amino-l^-imidazo[4,5- 
c]quinolin-l-yl)butan-l-oI (5.0 g, 19.51 mmol) was chlorinated to provide l-(4- 
chlorobutyI)-lir-imidazo[4,5-^]quinolin-4-ainine (4.92 g, 17.91 mmol) which was isolated 
25 without further purification as an off-white solid. 
Part? 

Usmg the general method of Example 6 Part B, except that the reaction 
tBnq)eratare was lowered to 80 1 H(4-cMorobutyl)-l/f-imidazo[4,5K:]quinolin-4-ainine 
(1.5 ft 5.46 mmol) was converted to l-[4-^henylfluo)butyl]-lH-imida2o[4,5-c]quinolin-4- 
30 amme. Iheie8dtmgsoUd(1.53 g) wasdisiK)lvedinacetomtriIe(90mL)andbr^ 

reflux. Activated charcoal (0.9 g) was added and the resulting mixture was heated at 
reflux for 5 minutes and then the charcoal was removed by filtration dnoug^ fluted paper 
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to provide a colorless solution. The title compound (0.86 2.47 mmol) was isolated as 



white needles, m.p 158-160 ^'C, 

Analysis. Calculated for C2oEboN4S: %C 68.94; %H, 5.79; %N, 16.08. Found: y<C 68.70; 
%H, 5.74; %N, 16.08 

5 *H-NMR (300 MHz, DMSO) 5 8.18 (s, IH), 8 8.05 (d, J « 8.3 Hz, IH), 5 7.63 (d, J = 8.3 
Hz, IH), 5 7.45 (t, J = 8.3 Hz, IH), 5 7.26 (m. 5H), 5 7.14-7.19 (m, IH), 5 6.60 (bs. 2H), 5 
4.62 (t, J = 6.8 Hz, 2H), S 3.00 (t, J = 7.3 Hz, 2H), 5 2.00 (m, 2H), 5 1.61 (m, 2H) 
MS (CI) for C2oH2oN;iS xn/z 349 (NOO, 185 

10 Example 10 



Using the general method of Exanq>le 6 Part B, except that the reaction 
1 5 temperature was lowered to 80 °C, 1 -(4*chlofobutyI)-lH-imidazo[4,5-c]quinolin-4-amine 
(1.5 g, 5.46 mmol) was converted to l-[4-(me%111uo)butyl]-lH-imidazo[4,5-c]quinolin- 
4-amine using sodium thiome&oxide (0.88 g, 12.56 mmol) in lieu of sodium 
benzenetfaiolate. The resulting solid (1.26 g) was dissolved in acetonitrile (40 mL) and 
' brought to reflux. Activated charcoal (0.7 g) was added, the resulting mixture was heated 
20 at reflux for 5 minutes and then flie charcoal was removed by filtration tfaroug|i fluted 
paper to provide a colodess solution. Tlie solution was concentrated under reduced 
pressure to give a solid that was recrystallized from acetonitrile. The title compound (0.66 
g, 2.30 mmol) was isolated as white needles, m.p 163-164 •C. 

Analysis. CdculatedforCi5Hi8N4S:%C 62.91; %H, 6.34; %N, 19.56. Found: %C 62.70; 



l-[4-(mefhyltino)butyl]-lJ7-imidazo[4,5-c]quiaolta-4-am^ 




Part A 



%H, 6.19; %N, 19.45 
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H-NMR (300 MHz, DMSO) 5 8.21 (s, IH), 5 8.06 (d, J = 8.3 Hz, IH), 5 7.62 (d, J - 8.3 



Hz, IH), 8 7.44 (t, J = 8.3 Hz, IH). 5 7.26 (t, J= 8 J Hz, IH), 5 6.59 (bs, 2H), 5 4.62 (t, J= 
7.6 Hz, 2H), 5 2.50 (t, J - 6.8 Hz, 2H), 8 1.99 (s, 3H), S 1.95 (p, J « 7.3 Hz, 2H), 5 1.59 (p, 
J = 7.3Hz,2H) 
5 MS (CI) for C15H18N4S m/z 287 (MH^, 185 



10 PaitA 

Using fte geneial method of Example 1 Pait A, 4-cUon>-3-iutn)quiiioIine (107.7 g, 
525.87 mnK>l) was convertBd to S-[(3-]iitxoquniDlinr4-yI)ammo]pei^ usmg S- 
anuDO-l-peixtanol (79.82 g, 788.81 mmol) in lieu of 4^amim>4}i]taiioL The product 
(117.22 g, 425.77 mmoQ was used witlwutfurOerpi^ MS 
15 (CI)forCi4Hi7N303m/z276(MH*),224 



A roimd bottom flask was charged with a magnetic stir bar, 5-[(3-mtroquiiiolin-4- 
yl)amino]pexxtaz^-l-ol (5.0 g, 18.16 mmol), and ttiionyl chloride (40.78 g, 0.34 mmol) 
under a nitrogen atmosphere. The reaction mixture was heated to 80 °C to give a 
20 homogeneous sohition Oat was maintained at 80 ''C for 1 hour at which time the starting 
material was completely consumed. The volatiles were removed under reduced pressure 
and fite resulting oil stirred in water niade basic (pH 10) with soHdsodi^ The 
resulthig solid was collected by filtration to afford iV-(5-cUoropentyI>-3-nitroquinolin-4- 
amine (4.80 g, 16.34 mmol) which was used witiiout further purification. 



Example 11 

24mtyl-l-[5-(metbylsulfonyl)pen1yl]-lJ7-imidazo[4^^ 




0 



Parts 
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Using the general method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 «C, AK5H5WoropentyI).3.nitroquinolm-4.amine (4,75 fc 
16.17 mmol) was converted to iV'-[5-(methylthio)pentyl]-3-nitioquinolm-4-^^ using 
5 sodium thiomethoxide (L43 g, 19.40 mmol) in Ueu of sodium benzenethiolate. Hie 
product (328 g, 10.74 mmol) was isolated without further purification as a light yellow 
soU4 MS (CI) for C15H15N3Q2S m/z 306 (MH*), 272, 1 17 
PartD 

Using the general method of Example 1 Part C, i\f-[5-(mefliylthio)pentyri-3. 
10 nitroquinolin-4-amine (320 g, 10.48 mmol) was reduced to iV*-[5- 

(metlQrithio)pentyI]quinoIine-3,4-diamine (2.89 g, 10.48 mmol) v*ich was isolated 

without iiutiher purification as a brown oil. 

PartE 

Using the general method of Example 1 Part D, ^-[5- 
15 (mefliylthio)penfyl]quinoline.3.4.diamine (2.89 g, 10.48 mmol) was cyclized to provide 2- 
butyl-l.[5-(methyltfaio)pentyl].lH-imidazo[4,5-c]quinol^ The material was purified by 
chromatography over siUca gel (ethyl acetate) to afford the product Q,. 10 g, 6.15 mmol) as 
a light brown oil 
PartF 

20 A round bottom flask was charged wifli a magnetic stir bar, 2-butyH^5- 

(me%lfliio)penl3d]-lfl-.imida20[4,5-c]qumoline (2.1 g, 6.15 mmoO and chloroform (31 
mL). SoKd 3-cUoroperbenzoic acid (4.41 & 19.68 mmol) was added portion wise to the 
solution over 1 0 mhmtes and flie reaction was stined at ambient ten^erature for 30 
minutB8atwhichtirnethostartmgnialBiialwascOT5)letelyc^^ The solution was 

25 partitioned between chloroform and saturated aqueous sodium bicarbonate. Thelayers 

were separated. The organic kyer was wadiedwifli saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfide, filtered and tfmi con ce ntrated under 
reduced pressure to afford 2.-butyl-l.[5-(methylsulfimyl)penlyl].lfr.iniida» 
c]quinoline-5N-oxide^.40ft6.15mmol)asatansolid. The material was used without 

30 further purification. 
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PartG 



Using fhe general mefliod of Example 3 Part B, 2-butyl-l-[S- 
(]nefhylsulfonyl)pen1yl]-liif-ixDidazo[4,S (2.40 & 6.15 mmol) was 

amiaated to provide 2-bu1yl-l-[S-<me%l5ulfimyl)penlyl]-lir-iiiiidazo 

5 amine. The resultmg soUd (2.24 g) was dissolved in acetonitiile (40 mL) 
xeflux. Activated chamod (1 g) was added and IliBiesdtingmixtaie was 
for S mimites and Ibssa fiie charcoal was removed by filtration ftrou^ fluted paper to 
provide a li^ brown solution. Upon cooling 2-btttyl*l-[5-<me%lsuIfi}i^I)pentyl]-lif* 
inudazo[4|S-<]qinnolin-4-am]ne (0.90 g» 232 mmoQ was isolated as white needles, m.p. 

0 173-175 *C. 

Analysis. Calculated for C2oI]28N402S:. %C 61.83; %H, 726; %N. 14.42. Found: %C 
61.58; %H. 727; %N, 14.36 

^H-NMR (300 MHz» DMSO) 5 8.01 (d, J » 8.3 Hz» IH), 5 7.61 (d, J » 83 Hz, IH), S 7.41 
(t, J « 8.3 Hz, IH), 5 726 (t, J « 8.3 Hz, IH), 5 6.45 (bs, 5 4.51 (t, J » 7.6 Hz, 2H), S 
IS 3.10 (t» J » 7.8 H^ 2H), 5 2.92 (s, 3H), 8 2.92 (t, J « 7.3 Hz, 2H), 8 1.76 (m, 6H), 8 1.54 
(m,2H). S 1.46(sextet, J-73 H^2H),80.99 (t, J«7.3 Hz, 3H) 
MS (CI) for C2oI^N402S m/z 389 (MH^ 



Using the general method of Example 1 Part D, iV^-[5- 
(methyl1hio)pentyI]quinolin&-3,4-diamine (4.53 g, 16.37 mmol) was cyclized to provide 2- 
25 methyl-l-[5-(mefliyltbio)pentyl]--l^-itmdazo[4,5-c]quinoline using 1,1,1- 

ttimefhoxyethane (2.95 g, 24.6 mmol) and pyridine faydcochloiide (0. 1 g). The material 



Example 12 

2-me11iyl-l-[5<<metbyIsulfimy])peDtyl]-lff-in]id^ 




PaitA 
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was triturated with ethyl ether and collected by filtration to aflfoid flie product (3 .78 g, 
12.62 mmol) as a light brown solid which was used witfaout farther purification. 
Parts 

Using the general method of Example 1 1 Part F, 2-methyl-l-[5- 
5 (metiiyl1hio)pentyl]-l/f-imidazo[4,5-c]quinoline (3.78 g, 12.62 mmol) was oxidized to 2- 
methyl-l-[5-(methylsulfoiqrl)pentyl]-IH-imidazo[4,5-c]qui^ (4.38 g, 12.62 

mmol) which was isolated as a tan solid and used without purification. 
Parte 

Using the general mediod of Example 3 Part B, 2-metfayl-l-[S- 
10 (metfaylsulfonyl)pentyl]-l/^imidazo[4,5-c]quinoline-5N-oxide (4.38 g, 12.62 mmol) was 
aminated to provide 2-methyl-l-[5-(mefhylsulfonyl)pentyl]-li^nnida2X)[4^'<:]qpin^ 
amine. The resulting solid was triturated with acetonitrile and collected by filtration to 
afford the title compound (0.8 g, 2.3 1 mmol) as an o£f-white solid, m.p. 235-240 °C. 
Analysis. Calculated for CnH22N402S: %C 58.94; %H. 6.4d; %N, 16.17. Found: %C 
15 58.77; %H, 6.34; %N, 16.39 

'H-NMR (300 MHz, DMSO) 5 8.02 (d, J = 8.3 Hz, IH), 8 7.60 (d, J = 8.3 Hz, IH), 5 7.41 
(t, J = 83 Hz, IH), 5 7.25 (t, J = i8.3 Hz, IH), 6 6.49 (bs, 2H), 6 4.50 (t, J = 73 Hz, 2H), S 
3.12 (t. J = 7.8 Hz, 2H), 5 2.92 (s, 3H), 6 2.61 (s, 3H), 5 1.86 (m, 2H), 8 1 .74 (m, 2H), 8 
1.53(ni,2]B0 

20 MS(CI)forCi7H22N402Sm/z347(MH^,267 
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Example 13 

2-ethyl-l-[5<me%lsulfonyl)pentyl]-lff-iiiudazo[^^^ 




PartA 

5 Using the general method of Example 1 Part D, iV*-[5- 

(me%lMo)pentyl]quinoline-3,4Hiiamine (4.53 g, 16.37 mmol) was cycUzedto 2-e1iiyl-l- 
[5-(methyl1irio)pentyl]-l/f-imidazo[4,5-c]quinol^^ using triethyl orthopropionate (4.3 g, 
24.56 mmol) and pyridine hydrochloride (0.1 g). The material was triturated with ethyl 
ether and collected by filtration to afford the product (325 & 10.37 mmol) as an off-white 

1 0 powder which was used without further purification. 
PartB 

Using the general mefihod of Example 1 1 Part F, 2-e%l-l-[5-(me%lfliio)pen^]- 
IH-imidazoKS-clquinoline (325 g, 10.37 mmol) was oxidized to 2-efhyl-l-[5- 
(methylsulfonyl)pentyl]-l-ff-nmdazo[4,5-c]quinoIin^ (3.75 g, 10.37 mmol) 

1 5 which was isolated as a tan solid and used without purification. 
Parte 

Using the genml method of Example 3 Part B, 2-etbyl*l-[S- 
(methylsulfonyl)penlyl]4/f-imidazo[4,5-c]qiimoln^ (3.75 g, 1037 mmol) was 

animated to provide 2-ethyl-l-[5-(mefliylsulfionyl^)ent^^ 
20 amme. The resdfiig solid was recrystallizedsequeDtianyframedum^ 

affocd fte title compound (1.4 g. 3.88 mmol) as ofT-whrte needles, nrp. 189-191 ^C. 
Analysis. Calculated for C18H24N4O2S: %C 5958; %H. 6.71; %N, 15.54. Found: %C 
59.71; %H, 6.68; %N, 15.64 

*H-NMR (300 MHz. DMSO) 5 8.01 (d, J - 8.3 Hz. IH). 5 7.61 (d. J « 83 Hz. IH). 6 7.42 
25 (t. J = 8.3 Hz, IH), 6 7.26 (t. J = 8.3 Hz, IH). 8 6.45 (bs, 2H), 8 4.50 (t. J « 7.6 Hz. 2H). 8 
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3.10 (t, J =• 7.8 Hz, 2H), 8 2.95 (q, J - 7.3 Hz, 2H), 8 2.92 (s, 3H), 8 1.85 (m, 2H), 8 1.74 
(m, 2H), 8 1.55 (m, 2H), 8 1.38 (t, J = 7.3 Hz, 31^ 
MS (CI) for C18H24N4O2S valz 361 (MH^, 281 

^cample 14 

l<5-(me%]sul£Qnyl)penlyl]-lH-inud8zo[4,SH:]quinoli^^ 




PartA 

Using the gdneial meftiod of Example 1 Pait D, A^«^^^ 
10 (met]iylthio)pet]tyl]qumoliQe-3,4-(y^^ (4.S3 g, 16.37 mmol) was cyclized to I-IS- 

(met]iylthio)penfyl]-U7-iimdazo[^ using triethyl GrihofoimatB (3.64 g, 24.56 

mmoQ and pyridine hydrochloride (0.1 g). The product (4.0S g» 14.19 nunol) was isolated 
as a brown oil and used without fiiidier purification. 
Parts 

IS Usnig the genexal method of Example 1 1 ^art F, l-[S-(mea]yiauo)pent)rl]-lfr- 

imidazo[4,S-c]quinoIine (4.05 g, 14.19 mmoQ was oxidized to 1-[S- 
(m6lhylsalfotqrl)penlyl]-lH-imidazo[4,S-c]quinolin0-SN (4.73 g, 14.19 mmoQ 
which was isolated as a tan solid and used without finther purification. 
PaitC 

20 Using the general method of Example 3 Part B, l-[5-(nifithyIsulfonyl)pentyl]-lff- 

iniidazo[4,S-c]quinoIine-5N-oxide (4.73 & 14.19 mmol) was aminated to provide 1-[S- 
(methylsulfonyl)pen!yl]-lff-imida2o[4,5-c]quinoI]n-4-amine^ The material was piirified 
by chromatogr^fay over silica gel (95/5 dichlorometfaane/methanol) to afford a light 
yellow solid The solid was reciystallized &om dimethyl fonnamide to give the title 

25 compound (0.43 g, 129 mmol) as a light yellow, granular solid. m.p. 199-201 
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Analysis. Calculated fbr Ci6Hi2oN402S: %C 57.81; %H, 6.06; %N, 16.85. Found: %C 
57.01; %H, 6.06; %N, 16.70 

>H-NMR (300 MHz, DMSO) 5 8.20 (S, IH), 8 8.04 (d, J = 8.3 Hz, IH), 6 7,62 (d, J « 8.3 
Hz, IH), 5 7.44 (t, J « 8.3 Hz, IH), 8 7.27 (t, J = 8.3 Hz, IH), 5 6.57 (bs, 2H), 8 4.61 (t, J « 
5 6.8 Hz, 2H), 5 3.09 (t, J » 7.8 Hz, 2H), 8 2.92 (s, 3H), 8 1.91 (p, J » 7.6 Hz, 2H), 8 1.73 
(m,2H),81.45(in,2H) 
MS (CI) for C16H20N4O2S m/z 333 (MH^ 

Example IS 




PaitA 

A round bottom fiadc was charged with a magnetic stir bar, //^-[5- 
(meflvl1hio)pentyl]qiunol]ne-3,4-diafflinB (3.17 g, 11.46 mmol) and anhydrous pyridine 
(46 mL) under a nitrogen atmoqflure. The resulting homogeneous solution was cooled to 
0 T in an ice-water batit To die cooled solution was added neat hq)tanoyl chloride (1 .87 
g, 12.61 mmol). The reaction was judged to be complete after stirring at ambient 
temperature for 1 hour. The volatiles were removed under reduced pressure and the 
resulting oil was partitioned between chloroform and water. The layers were separated. 
The organic layer was washed with saturated aqueous sodium bicarbonate and brine, dried 
over anhydrous sodium sul&te, filtered and dien concentrated under reduced pressure to 
afford iVK4-{[5-(meflQrliMo)pentyl]amino}quinolin-3-yl)heptananu (4.44 g, 11.46 
mmol) which was isolated as a brown oil and used without forther purification. 
Parts 

A round bottom flask was charged with a magnetic stir bar, iV-(4-{[5- 
(me%lthio)pcntyl]amino}quinolin-3-yl)heptanamide (4.44 g, 11.46 mmol), pyridine 
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hydrocWoride (0.13 g, 1.15 mmol), and anhydrous pyridine (50 mL) under a nitrogen 
atmosphere. The reaction was judged to be complete after stirring at reflux for 1 .5 hours. 
The solution was cooled and partitioned between etiiyl acetate and water. The layers were 
separated. The organic layer was washed with saturated aqueous sodiimi bicarbonate and 
5 brine, dried over anhydrous soditmi sulfate, filtered and then concentxated under reduced 
pressure to afford 2-hexyl-l-[5-(me%11hio)pentyl]~lir-imidazo[4,5-c]qumoline (4.0 g, 
10.82 nunol) as a brown oil which was used without further purification. 
Parte 

Using the general method of Exan:^le 1 1 Part F, 2*hexyl-l-[5*(methylthio)pentyl]- 
10 liif-hnidazo[4,S-c]quinoIine (4.0 g, 10.82 mmoQ was oxidized to 2-hexyl-l-(5- 

(me%lsulfonyl)pentyl]-lfr-inudazo[4,S<]qumo]ine-5N-^^ (4.52 g, 10.82 mmol) 

which was isolated as a tan solid and used wiQioat finrttier purification. 

PartD 

Using die general method of Example 3 Part B 2-hBxyM-*[5- 
15 (methylsulfonyl)penlyl]-li7*imidazo[4,5-c]quin0^ (4.0 g, 10.82 mmol) was 

aminated to provide 2-hexyI-l-[5-<metiiyl8uIfi3nyl)pen1yl]-li?-M 
amine. The nmterid was reciystallizedfi^cmiacetamtrile to afford die tifl 
(225 g, S.40 mmoQ as off-white needles, nLp. 168-171 ^C. 
Analysis. Calculated fbr C22BE32N4Q2S: %C 63.43; %B, 7.74; %N, 13.45. Found: %C 
20 63.06; %H, 7.66; %N, 13.81 

^H-NMR (300 MHz, DMSO) 5 8.01 (d, J » 8.3 Hz. IH), 8 7.62 (d, J = 8.3 Hz, IH), 5 7.42 
(t, J = 8.3 Hz, IH), 6 7.26 (t, J = 83 Hz, 1 H), 5 6.51 (bs, 2H), 5 4.51 (t. J « 7.3 Hz. 2H), 5 
3.10 (t. J = 7.8 Hz, 2H), 5 2.93 (s. 3H). 5 2,93 (t. J « 73 Hz, 2H). 5 1.71-1.87 (m. 6H), S 
1.54 (m, 2H), 5 1.44 (m, 2H), 8 1.33 (m, 4H), 8 0.89 (t, J = 7.3 Hz, 3H) 
25 MS(CI)forC22H32N4Q2Sm/z417(MH^,337 
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Example 16 
2-(2-me1hoxyethyl>l-[5-(metiiylsulfonyl^ 
lH-iiiiida2X>[44-«]qmo1m<4-an^ 




5 PaitA 

A round bottom flask was charged with a magnetic stir bar, iV*-[5- 
(me%lthio)pentyl]quinoline-3,4-dianiine (3.56 g, 12.93 mmol) and anhydrous pyridine 
(52 mL) mider a nitrogen atmosphere. The resulting homogeneous solution was cooled to 
0 ''C in an ice-water bath. To the cooled solution was added neat 3-mettK)xypropionyl 

10 chloride (2.74 g, 22.36 mmol). After addition of the acid chloride, the reaction was heated 
to reflux for 14 hours at which time flie acylated intemiediate was completely consumed. 
The solution was cooled and then partitioned between chloroform and saturated aqueous 
ammonium chloride. The layers were sepamted. The organic layer was washed with 
saturated aqueous sodium bicarbonate, dried over anhydrous sodium sul&te, filtered Bnd 

15 then concentrated under reduced pressure to afibrd 2-(2-methoxyethyl)-l-[5- 

(methylthio)pentyl]4H-unidazo[4,5-<:]qumoline (3.0 g, 8.73 mmol) which was isolated as 

a brown oil and used without fiirther purification. 

PartB 

Using the gpncral method of Example 11 PartF,2-(2-methoxyefhyl>l-[5- 
20 (methylMo)pentyl]-lH-hnidazo[4,5-c]qiimolme (3.0 g, 8.73 mmol) was oxidized to 2-P- 
meflioxyethyl)-l-[5<nie%lsuIfianyQpe^^^ (3.41 
g, 8 .73 mmol) which was isolated as a tan solid and used wi&out further purification. 
Parte 

Usnig the gpnetal mefliod of Example 3 Part B, 2-(2-mefli0xyethy^l-[5- 
25 (mefliyl8ulf6nyl)peirtyll-Lff-hmda2o[4,5-c]q^ (3.41 & 8,73 mmol) was 

aminated to provide 2-<2.meflu«yefliyI)-l-[5Kmethyl8ulfimy0pentyU^ 
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c]qmiiolin-4-ainine. The resulting solid was purilSed by chromatography over silica gel 
(95/5 dichloromefliane/methanol) to provide a gummy solid. The solid was reciystallized 
from acetonitrile to give the titte compound (0.54 g, 1.38 mmol) as an off-white powder, 
m.p. 158-160 «C. 

5 Analysis. Calculated for C19H26N4O3S: %C 58.44; %H, 6.71; %N, 14.35. Found: %C 
58.24; %H, 6.76; %N, 14.70 

*H-NMR (300 MHz, DMSO) 5 8.02 (d, J = 8.3 Hz, IH), 5 7.62 (d, J » 83 Hz, IH), 8 7,42 
(t, J = 8.3 Hz, IH), 8 7.26 (t, J = 8.3 Hz, IH), 8 6.50 (bs, 2H), 8 4.53 (t, J « 7.6 Hz, 2H), 8 

3.83 (t. J = 6.8 Hz, 2H), 8 3.30 (s. 3H), 8 3.19 (t J= 6.8 Hz, 2H), 8 3.n (t, J = 7.8 Hz, 
10 2H), 8 2.93 (8, 3H), 8 1.85 (m, 2H), 8 1.76 (m, 2H), 8 1.57 (m. 2H) 
MS (CI) for C19H26N4O3S tn/z 391 (MH*), 359 

Example 17 

2-b!flyl-l-[5-(melhylto)pentyl]-ljy-imidazo[4^-^]q^ 




15 

PaxtA 

Using the general method of Example 1 Part C, J/-(5-chlozopentyl)-3- 
nitioquinolin^amine (2.0 g, 6.80 mmol) was reduced to provide JV^*(5- 
cUoropentyl)quinolin6-3,4-dian]ine (1.79 g, 6.80 mmol) which was isolated as a brown oil 
20 and used wifliout further purificatioQ. 
PartB 

Using the general method of Example 1 Part D, ^-(5-chlon)pentyI)quinoline-3,4- 
diamine (1.79 g, 6.80 mmol) was cyclized to 2-butyH-(5-chloropentyl>l/f.imida2o[4,5- 
c]quinoline using trimethyl orthovalerate (2.55 g, 15.72 mmol) and pyridine 
25 hydrochloride (0.079 g). The product (1 .95 g, 5.91 mmol) was isolated as an ofE-white 
solid and used without further purification. 
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Parte 

Using be general method of Example 1 Part E, 2-butyl-l-(5-cMoropentyl)-l/f. 
imidazo[4,5-c]«prinolme (1.95 g, 5.91 mmoO was wdcBzed to 2-butyl-l.(5-chloropentyl)- 
ljy.iimdazo[4,5^]qiimolino-5N-oxide (2.04 a 5.91 mmol) viMch was isolated as a tan 
5 solid and used witboutfinlliBrpurificalioa 
PaitD 

Usmg the general meliiod of Example 3 Part B, 2-butyl-l-(5-cMoropenly5-lif- 
inudazo[4,5-c]qiiinoline-5N-<ndde p.04 g, 5.91 mmol) was aminated to provide 2-butyl-l- 
(5-ddoiopen^lH-imidazo[4,S-c]quino]in-4-amine. The resaUing solid was 
10 reciystallized fiom efiumol to afford fte product (0.85 g, 2.46 mmol) as a fine wlute 
powdo:, m.p. 144-146 "C. 

Analysis. Calculated fin: CisHjsCaMj: %C 66.17; %H. 7J1; %N. 16.24. Found: %C 
66.44; %H, 7.55; %N, 16.29 

MS (CI) f3r Ci9EbsC]N4m/>z 345 (MH*). 309 
15 PartE 



20 



reaction 

temperature was lowered to 80 2^>ulyl-H5-chIorope^lyl).lfl'-imidazo[4^]quinoKn. 
4-amine ^.0 g, 5.80 mmoQ was converted to 2-bnQrl-l-[5-(mefl]yWiio)penlyI]-lH- 
imidaa)[4,5-c]quinolin-4<unine using sodium tbiomedxndde (0.68 g, 8.70 mmol) in tleu 
of sodium benzenediiolate. Hie resulting solid was partitioned between eUoiofinm and 
saturated aqueous sodium bicarbonate. Tin layers were separated. The organic layer was 
washed with brine, dried over anhydrous sodium sulfide, filtered and dien concentrate 
under reduced pressure to afiSml a white soHd. The material was recrystallized fiom 
acetonitrile to give the tifle conqx>nnd (1.91 g, 5 J6 mmol) as a fine white soUd, m.p. 1 12- 
25 114 "C. 

Analysis. Calculated for CjoH2sN4S: %C 67J8; %H, 7.92; %N, 15.71. Found: %C 6726; 
%H, 8.08; %N, 15.74 

'H-NMR (300 MHz, DMSO) 5 8.01 (d. J = 83 Hz. IH). 5 7.61 (d, J = 8 J Hz, IH), S 7.41 
(t. J - 83 Hz, IH), 5 7.25 (t, J - 83 Hz, IH). 8 6.45 (bs, 2H). 5 4.50 (t, J « 7.8 Hz, 2H), 5 
30 2.92 (t, J - 7.6 Hz, 2H), 5 2.46 (t. J - 73 Hz, 2H), 5 2.01 (s, 3H), 5 1.80 (m. 4H), 5 1.42- 
1.61 (m, 6H), 5 0.96 (t, J = 73 Hz. 3H) 
MS (d) for C20B28N4S m/z 357 (MH^, 309 
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Example 18 
2-butyl-l-[S-(melfaylsulfbyl)pentyl]-lJ7-im 




5 

A round bottom flask was chazged with a 
(me11iyl11uo)pentyI]-lH-imidazo[4,5<<:]qutnolin-^^ (1.0 b» 2.80 mmoQ and 
chlcKiofotm (14 mL). Solid 3-cUoiopeibeiizoic acid (0.69 3.09 mmol) was added 
pordon wise over S Tninutes and fhe leaction was stirred at ambient temperature fi>r 20 

10 minutes at wUchtioie the starting material was conipIetBl^ Hie solution was 

partitioned between cUoroform and saturated aqueous sodium bicaibonate. Tlie layers 
were separated. The orgainc layer was washed wilb saturated aqueous sodium bicail^^ 
and brinOi dried over anhydrous sodium sul&te, filtered and then concentrated under 
reduced pressure to afford an off-ixdiitB solid which was shown by ^H-NMR to be die 3« 

15 chlorobaizoic acid salt offlie desired product The solid was stirred in water and ften 
madebasic(pH 10) by addition of solid sodium carbonate. The resulting free base was 
collected by filtcation to provide a white solid which was recrystallized fitom acetonitrile to 
give 24>utyl-l-[S-(mediylsulfinyl)pentyl]-lir-mud (0.40 g» 

1 .07 mmol) as a white powder, nLp. 1 19-121 ^'C. 

20 Analysis. Calculated for CzoH28N40S (H20)i: %C 61.51; %H, 7.74; %N, 1435. Found: 
%C 61.64; %H, 7.82; %N, 14.32 

*H-NMR (300 MHz, DMSO) 5 8.01 (d. J = 8.3 Hz, IH). 8 7.60 (d, J = 8.3 Hz, IH), 5 7.41 
(t, J » 8.3 Hz, IH), 8 7 Jt6 (t, J» 8.3 Hz, IH), 5 6.44 (bs, 2H), 5 4.51 (t, J = 7.6 Hz, 2^^ 
2.92 (t, J » 7.8 Hz, 2H), 8 2.57-2.74 (m, 2H), 8 2.50 (s, 3H), 8 1.80 (m, 4H), 8 1.66 (m, 
25 2H), 8 1 .55 (m, 2H), 8 1 .48 (m, 2H)« 8 0.96 (t, J » 7.3 Hz, 311) 
MS (d) for C20H28N4OS (HiO)i m/z 373 (MH^, 309, 253 



52 



wo 02/46192 



PCT/USOl/46697 



Example 19 
2-ba1yl-l-[3-(mel!hylsulfQiiyl)pr^ 




5 PartA 

A round bottom flask was charged witti a magnetic stir bar, 3-[(3-mtroquinolin*4- 
yl)ammo]propan-l-ol (20.75 g, 83.93 xmnol), tliionyl chloride (15.0 g, 125.89 mmol), and 
dichlorometfaane (420 mL). The bright yellow, homogeneous solution was stirred at 
ambient tempemture for 2 hours at which time the starting material was conq)letely 
10 consumed The voktiles were removed und^ reduced pressure 

stirred in water (400 mL) made basic (pH 10) with solid sodium carbonate. A bright 
yellow solid was collected by filtration to afford iV-(3<UoiopropyI)-3-nitroqoinoHn"4- 
anune (21.63 g» 81.41 mmol) which was used wi&out further purification. 
Parts 

1 5 Using the general method of Example 1 Part C, iVK3-chloropropyI)-3- 

intioqumolm-4-aQiine (10.0 g. 37.63 mmol) was reduced to provide /^•{3- 
chloropropyl)quinoline-3t4-diamine (8.87 g, 37.63 mmol) which was isolated as a brown 
oil and used without fiirdier purificatiasL 
PaitC 

20 Using the general me&od of Bxasople 1 Part D, JV*-<3-«hloropropyl)qu]noline-3,4- 

diamine (8.87 g» 37.63 mmol) was cycfized to provide 2-biityM-(3-chloropropyl)-Lff- 
imida2o[4,5«c]quinoI]ne using trimefhyl orthovalerats (733 g, 45.16 mmoQ and pyridine 
hydrochloride (0.43 g). The resulting solid was triturated wifli eti^ e&er and collected by 
filtration to afford the product (9.00 g» 29.82 mmol) as an off-whitB solid. Thematerial 

25 was used without fiirtfaer purification. 
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PaitD 

Using the general method of Example 1 Part E, 2-butyl-l-(3-chloropiopyl)-lff- 
imidazo[4,S-^]q[uinoline (9.0 g, 29.82 mmol) was oxidized to 2-butyl-l-(3-chloropropyl)- 
l/f*-imidazo[4,S-c]quinoline-SN-oxide (9.48 g, 29.82 mmol) which was isolated asatan 
5 solid and used without purificatioa 
PartE 

Using the general method of Example 3 Part B, 2-butyl-l-(3-chloropropyl)-lfl'- 
iniida2o[4,5-c]quinoline-5Noxide (9.48 g, 29.82 mmol) was aminated to provide 2-butyl- 
l-(3KjUon)propyl)-lJ?-imidazo[4,5-c]quinolin-4-amine. The resulting solid was purified 
10 by chromatography over silica gel (95/5 dichloromethane/metfaanol) to provide the 
product (6 .4 g, 20 .20 mmol) asatan solid. 
PartF 

Using the general me&od of Example 6 Part B, except that tiie reaction 
temperature was lowered to 80 ^C, 2-butyl-H3-<:Uoropropyl)-l/f-imidazo[4,S-c]quinolin- 

15 4-amine (2.0 g, 6,3 1 imnol) was converted to 2-butyl-l-[3-(metiiyltfaio)propyl]-lff- 

imidazo[4,5-c]quinolin-4-amine using sodium thiometiioxide (0.74 g, 9.47 mmol) in lieu 
of sodium benzenethiolate. The resulting solid was partitioiied between chloroform and 
saturated aqueous sodium Ucaiboiiale. Tlie layers were separated. The organic lay er was 
washed with brine, dried over anhydrous sodium sul&te, fitered and fbea concentrated 

20 under reduced pressure to afibrd the title compound (2.0 g, 6.09 mmol) as a white solid. 
The material was used without furber purification. 
PartG 

Usmg tti6 general meOod of Example S Part A, 2-bulyl-H3-<meaiyItiiio)prapyl]- 
lJf.]nridazo[4,S-c]qnmol]n-4-«nune (2.0 g, 6.09 mmol) was oxidized to 2-butyl*l-[3- 
25 (metfaylsulfany%ropylHH-imidazo[4^-<$]quinolii^^ The resulting solid was 
triturated with meHumol and collected by filtration to afTord fte title compound (0.96 g, 
2.66 mmol) as an oS-vrbito powder. ULp. 233-236 ®C. 

Analysis. Calculated for Ct8H24N4Q2S: %C 59.98; %H. 6.71; 15.54. Found: %C 
59.71; %H, 6.65; %H, 15.43 
30 ^H-NMR (300 MHz, DMSO) 5 8.10 (d. J» 8.3 Hz, IH), S 7.61 (d, J" 8 J Hz, IH), 5 7.42 
(t, J = 8.3 Hz, IH), 8 7.25 (t, J « 83 Hz, IH), 5 6.47 (bs, 2H). 5 4.66 (t, J = 7.8 Hz, 2H), 5 
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3.40 (t, J= 7.3 Hz, 2H), 5 3.01 (s. 3H), 8 2.94 (t, J « 7.8 Hz, 2H), 5 2.22 (m, 2H), 8 1.80 
(m, 2H), 5 1 .46 (sextet, J = 7.3 Hz, 2H), 8 056 (t, J « 7.3 Hz, 3H) 
MS (CI) for C18H24N4Q2S miz 361 (MH*), 281, 235 

5 Example 20 

2-butyH -[3-^heirylsulfonyl)piDpyI]-l^-imidaz^ 




PartA 

A lound bottom flask was charged wiHi a magnetic stir bar, benzenethiol (0.68 g, 
10 621 mmol), sodimn hydride (025 g, 60% dispersion, 6.21 mmol), and anhydrous 

dimefiiyl fiyrmamide (28 mL) mder a nitrogen atmosphere. After the reaction mixture had 
stirred at ambient tempetatmie for 30 mimitRs, 2-ba1yl-l-{3-cUoropropyI)-lfr-mxidazo[4,S- 
c]qu]noIin-4-anune (1.64 g, 5.18 nmiol) was added and die resultmg cloiufy solution was 
heated to 80 and maxntained at 80 for 2.5 hours at which time the Parting material 
15 was conq>letBly consmned. The hot sohrdon was poured into rapidly stixted water ^0 
riiL). The resuhnig mixture was extracted wi&dil^ Tbe combined organic 

layers were washed with saturated aqueous sodium bicarbonate and brine, dried over 
anhydrous sodium sulfate, filtered and flien concentrated under reduced pressure to afford 
a light yellow oil. The material was purified by diromatogrq>hy over silica gel (95/5 
20 dicMoromefliane/melhanol) to provide 24ratyI-l-[3-<phenyiado)propyl]-LEr-unidazo[4,5** 
c]qaxnolxn-4-am]ne (1.38 g, 3.53 mmol) as a white solid. 
PartB 

. Usingfi]egenenaniBfliodofExample5PartA,2-butyH-[3-^hfiaylfi^^ 
Ur-imidazo[4,5-«]qaiiioIixi-4-«min6 (1 J8 g, 3.53 mmoQ was oxidized to 2^tyl-l-[3- 
25 (phenylsu]fbnyl)pnq>yl]-ljfir-iinidazo[4,5-<:]quinol^ The resultmg solid was 

recrystallized fi:om ethaiu)! to provide the tide conqpound (0.85 & 2.01 mmol) as an off- 
white powder, m.p. 224-227 
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Analysis. Calculated for C23H26N4O2S: %C 6538; %H. 6.20; %N, 1326. Found: %C 
65.25; %H, 6.23; %N, 13.20 

>H-NMR (300 MHz, DMSO) 5 7.96 (d, J = 8.3 Hz, IH), 5 7.89 (m, 2H), 5 7,73 (m, IH), 5 
7.63 (m, 3H), 8 7.40 (t, J = 8.3 Hz, IH), 8 7.17 (t, J - 8,3 Hz, IH), 8 6.46 (bs, 8 4.60 
5 (t,J = 7.8Hz,2H),8 3.66(t,J=7.3Hz,2H),S2.86(t,J = 7.8Hz,2H).82.04(m.^^ 
1 .73 (p, J = 7.6 Hz, 2H), 8 1 .39 (sextet, J = 73 Hz, 2H), 5 0.92 (t, J = 7.3 Hz, 3H) 
MS (O) for C23H26N4O2S m/z 423 (MH^» 322, 281 

CnXDKINE INDUCnON IN HUMAN 

10 An in vitro hiiman blood cen system is used to assess cytokine inA Activity 

is based on the measuiemeut of interferon and tumor necrosis &ctor (a) (IFNandTW, 
respectively) secreted into culture media as descmbed by Testennan et al. In "Cytokine 
Induction by the Immunomodolators Imiquimod and S-27609**, Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 

15 Blood Cell Preparation for Culture 

Whole blood &om healdiy human donors is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centrifiigation using Histopaque®-1077, The PBMCs are 
washed twice with Hank's Balanced Salts Solution and dien are suspended at 3-4 x 10^ 

20 ceOs/mL in RPMI conq>letB. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickmson Labware, Lmcoln Park, 
NJ) containing an equal volume of RPMI complete media containing test compound. 
Compound Preparation 

The conqpounds are sohibilized in dimethyls^ TheDMSO 

25 conceotration should not exceed a final concentratLon of 1% for addition to die culture 
wdls. The compounds are generaOy tested initiaU/ at concentrations langh^ 
30|iM. Compounds showmg activity at 0.12 pM may then be tested at lower 
CQOcentcationa* 
^factt^ation 

3 0 The solution of test compound is added at 60 pM to &e first well containing RPMI 

complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to tiie wells in an equal volume, bringing the test compound concentrations to tiie 
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desired range (0.12 to 30 fxM). The final concentration of PBMC suspension is 1.5-2 X 
10^ cells/mL. The plates are covered with sterile plastic lids, mixed genfly and then 
incubated for 18 to 24 hours at 3TC m a SVo carbon dioxide atmosphere. 
Separation 

S Following incubation the plains are centiifuged for 5-10 minutes at 1000 ipm 

('-200xg)at4**C. The cell-fi»e culture siq)ematant is removed with a st^ 
polypropylene pipet and transfened to sfeiile polypropylene tubes. Samples are 
maintained at -30 to -TO'^C undl analysis. The sanq>les are analyzed for interferon (a) and 
for tumor necrosis fedor (a) by EUSA 

10 Tnterferon (a'i a nd Tmior Necrosis Factor ( AnaWsis by EUSA 

Interferon (a) roncentration is detemuned by EUSA usmg a Human MuM^ 
lot fiom PBLBiomedicdLaboratorieg, New Brunswick, KI. Sesultsaieoqpiessedin 
p^nL. 

Tumor necrosis fiu^tor (a) (lNF)concentFation is determined using EUSA kits 
15 available ftom Genzyme, Cambridge, MA; R&D Systems, Mmneapolis, MN; or 
Pliamiingcn> San Diego, CA. Results axe eq)ressed in pg^mL. 

The table below lists the lowest concentration found to induce interferon and the 
lowest concentration found to induce tumor necrosis fictor for each compound. A 
20 mdicates that no induction was seen at any of the tested concentcations (0.12, 0.37, 1.11, 

333, 10 and 30 (iM). 



Cytokme Induction in Human Cells 


Example 


Lowest EfifectiveConceotration ()iM) 


Number 


Intel feion 


Tumor Necrosis Factor 


1 


0.12 


0.12 


2 


0.12 


0.37 


3 


0.04 


0.12 


4 


0.01 


0.01 


S 


0.01 


0.04 


6 


333 


10 
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Cytokine Induction in Human Cells 



Example 
Number 


Lowest Effective Coacentration 


bteifeton 


Tumor Necrosis Factor 


7 


333 


10 


8 


10 


* 


9 


333 


333 


10 


1.11 


1.11 


11 


0.01 


0.12 


12 


0.12 


10 


13 


0.12 


333 


14 


333 


10 


IS 


0.04 


* 


16 


0.01 


0.04 


17 


0.01 


0.04 


18 


0.01 


0.12 


19 


. 0.04 


037 


20 


0.04 


037 
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1 . A compotind of the fommla Q): 




wheran: X is -CHR3-, -CHRa-alkyl-, or-CHRs-aJkenyl-; 
Z is -S-, -SO-, or-SOa-; 
Ri is selected fiom fhe groiQ) consistiDg o£ 

-aiyU 

-heteroaiyl; 

-heteiocyclyl; 

-allcenyl; 

-lU- heteroaiyl; 
-R4-heterocyclyl; 
S2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aiyl; 

-heteroaiyl; 

-heteiocyclyl; 

-alkyl-Y-alkyl; 
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-alkyl-Y-alkenyl; 
-alkyl-Y-aiyl; and 

-alkyl oralkenyl substitatedby one Qrmoie substituents selected 
from the group consistmg of: 
5 -OH; 

-halogen; 

-N(R3)2; 

-CO.N(R3)2; 

-CO-Ci.io alkyl; 
10 -COO-Cmo alkyl; 

-Na; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

15 -CO-ajyl;and 

-CO-heteioaxyl; 

each Ba is independenQy H or Cmo alkyl; 

each R4 is independently alkyl or alkenyl; 

each Y is independently -O- or -S(0)o^-; 
20 nis0to4;and 

each R present is independent^ selected fiom the group consisting of C 1 -i 0 

aOgrl, Cmo alkoxy, hydroxy, halogen and trifhioromelhyl; 

or a phannaceutically accqjiable salt ftereof. 

2S 2. A compound of chum IwheremZ is 

3. A compound of claim l^vfaeremZ is -SQr-. 

4. A compound of chum 1 wherrin Ri is -alkyl 

5. Acompoundofclaiml wherein Ri is -exyL 
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6. A compouiid of claim 1 wh^dn Ri is pheiiyl. 

7. A CQmpound of claim 1 wheiein Ki is heteioaiyl. 

8. A compound of claim 1 wherein X is -^CH2)2-^* 

9. Acoippoundofclaim 1 whexeinRaisH. 

10. A compound of claim 1 wherein R2 is --aDcyt-O-alkyL 

11. A compound of claim 1 wherein is -aDcyL 

12. A compound selected ficom the group consistmgofi . 
2-butyl-H4-(ph0iqrlMo)tm1yl]-lJ7->imidaz^ 
2-bu1yI-l*[2-^henyl1hio)e%l]-6J3,9-tetiahydxo-lfr» 

^ 2-butyl-l-[4-0?herybulfonyl)butyl]-lff-imidazo[4,5-c]q^ 
2-bu1yl-l-[4-(methyl1hio)butyl]-lfl^imidazo[4,5-^]quinolin'^^ 
2-butyl-l-[4-<methyl8ulfonyl)butyl]-li/-imida2o[4,5-c]qu 
l-[2<<phenyltUo)ethyl]-lJ?-imidazo[4,S-c]quinolin-4-amine; 
20 l-[4-(phenylsulfonyI)butyl]-lff-imidazo[4,5-c]quinolin-4^ 
l-[4-(melhylsulfonyI)butyl]-lH-imidazo[4,5-c]quiaoli^ 
l.[4-(pheiiyl1tto)butyl]-l^f-imidazo[4,5-<]qninolin-4-a^ 

1 - [4-(metlvlttto)but/l]-lif-imida2o[4,5-c]quinolin^ 

2- 4TOtyl-l-[5-(methylsulfonyl)pentyl]-lir-imidazo[4,5-c^ 

25 2-me&]d-l -[5-(mefl^lsulfonyI)pentyl]-l JEr-imidazo[4,5-^]qui^ 
2-«thyl-l-[5-(metiiylsnlfonyI)pentyl]-lH-imidaro 

1- [S-(mediylsul£6nyI)penlyl]-ljFf-inudazo[4»5'^^ 

2- hex^-l-[S-(metfayIsuIfonyl)pentyI]-l^-imidazo[4,S-^^ 
2-(2-methoxyethyl>l -[S-(methylsulfonyl)pentyl]-lir-iniidazo[4,S-c]qiiinol^^ 

30 2-butyl-l-[5-(metfaylthio)pentyl]-l^-inudazo[4,5*^]qpi^ 
24>utyl-l-[S-(me&yIsulfinyl)pentyl]-ljfir-inuda2o[4,SH:]q^ 
2-butyl-l-[3-{methylsulfonyl)propyl]-lff-inuda2o[4»^ and 
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2-butyl-l-[3-(phenylsulfonyl)propyl]-l<ff-imida» 
or a phamiaceutically acceptable salt thereof. 

13. A compound of the foimula(II) 

l!lH2 




X-Z-Ri 



5 (D) 

whecein: X is -CHR3-, -CHRa-aDgrl-, or -CHRa-alkenyls 
Z is -S-, -SO-, or SOiri 
Ri is selected fiom ttie poap coosisting o£ 
-alkyl; 

10 ^1; 

-heteroaiyl; 
-heterocyclyl; 
-aOcenyl; 
-R4-«iyl; 

15 -S4- heteroaiyl; and 

-R4-hetBrocycIyl; 
R3 iis selected from the group consisting o£ 
-l^dtogen; 
-alkyl; 

20 -alkenyl; 

-aiyU 

-bfiteioaiyl; 
-heterocyclyl; 
-allqrl-Y-aDcyl; 
25 -alkyl-Y-aDcenyl; 

-alkyl-Y-atyl; and 
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- alkyl or alkenyl substituted by one or more substhuents selected 
fiom the group consistiiig of: 

-OH; 

-halogen; 

5 -N(R3)2; 

-CON(R3)2; 
-CO-Ci-ioaDqrl; 
-COO-Cmo alkyl; 
-N3; 

10 -aiyl; 

-heteioaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-hetB£oaiyU 

IS each Sa is independently H or Cmo alkyl; 

eachK4 is independently alkyl or alkenyl; 
eadi Y is indq)endenfly -O- or-S(0)o4-; 
nisOto4;and 

eachRpcesent is independendy selected fixym Hie group consisting of Cmo 
20 allqyl, Cmo slkxixy, hydroxy* halogen and trifhi^^ 

or a phannaceutical^ acceptable salt thereof. 

14. AoonipoundofclaimlSivfaerBmRiisphenyL 

25 IS. Acon^midofcIaiml3wfaerBinRai8HoralkyL 

16. A componnd of claim 13 wherein S2 is -aD^l-O-dkyL 

17. A phazmaceutical composition comprising a therapeutically effective amoimt of a 
30 compound of claim 1 and a phaxmaceudcally acceptable canier. 
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18. A phannaceutical composition comprising a therapeutically effective amount of a 
compound of claim 12 and a pharmaceutically acceptable canier. 

19. A method of inducing cytokine biosynthesis in an animal comprising administering 
S a Ihempeutically effective amount of a confound of claim 1 to the animal. 

20. The method of claim 19 whetem the qrtoldne is IFN-ou 

21. A method oftreating a viial disease in an grifmal comprising administering a 
10 therapeutically effective amount of a compound of claim 1 to the animal. 

22. A mediod oftreating a neoplastic disease in an atrimftl comprising ftHmmiigtarfng A 
theiapeuticalfy effective amount of a compound of claun 1 to the animal. 

• ■ * 

IS 23. A method of inducing cytokine biosynthesis in an animal comprising administering 
a thecaputically effective amount of a compound of claim 12 to the animal 

24. The method ofclaim 23 wherein &ecytokme is IFN-a 

20 25. A method oftreating a vhnd disease in m animal conqnisingadministB^^ 
therapeutically effective amount of a compound of dann 12 to the anhnal. 

26. A method oftreating a neoplastic disease m an animal confip nging HiiirninH tisiim g a 
tiierapeutically effective amount of a coaqx>und of daim 12 to tiie animal. 

25 

27. A pharmaceutical coiiq)osition campristoig a tiierapeuticaUy effective amount of a 
compound of claim 13 and a phatmaceuticaBy acceptable canier. 

28. A melbod of inducing cytokine biosyntiiesis m an <miHMtl comprising ft ttniinia tftring 
30 a tiierq)6uticalfy efEective amount of a conqx)und of claim 1 3 to the animaL 

29. The method ofclaim 29 iitdierein tile cytoldne is IFN-^ 
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30. A method oftreatmg a vird disease in an anim^ 
flierapeiriically cfBsctive amount of a compound of claim 13 to the animal. 

31. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 13 to the animal. 
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